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a b s t r a c t

Objective: Acute kidney injury (AKI) commonly complicates burn. Recently, AKI has been

suggested to be causally related to chronic end-stage renal disease (ESRD), but controversial

data also exist. Our aim was to study the risk of ESRD after burn in a nationwide analysis.

Methods: All burn patients undergoing hospitalization between 1998 and 2011 were identi-

fied from the National Hospital Discharge Register, and the data were linked with the

Finnish Registry for Kidney Diseases, which includes all individuals receiving chronic renal

replacement therapy (RRT) in Finland.

Results: Altogether 41,179 adults were treated at hospitals for burns in Finland between 1998

and 2011. Of these, 86 had a diagnosis of AKI related to the burn. Forty-three burn survivors

had ESRD and RRT initiated related to or after the burn. The overall risk for ESRD after burn

was increased (standardized incidence ratio, SIR, 2.40, 95% CI 1.73–3.23) compared with the

Finnish population. Standardized incidence ratio was 3.11 (95% CI 1.66–5.32) in women and

1.89 (95% CI 1.27–2.69) in men. Of these 43 patients, 38 had a specific non-burn-related

diagnosis of ESRD identified in the registry, and ESRD was deemed unlikely to be directly

related to the burn. In five patients, the diagnosis of ESRD was unknown cause of renal

failure, and causality of the burn with ESRD was evaluated as plausible.

Conclusion: In conclusion, a significantly increased risk of ESRD was recorded after a severe

burn. Our results do not support increased incidence of ESRD solely as a consequence of AKI

due to burn, but burn may increase the risk of ESRD in patients with pre-existing chronic

kidney disease.
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1. Introduction

Acute kidney injury (AKI) is a frequent complication following

severe burn [1–4]. The risk for AKI among burn patients

increases with older age, larger percentage of total body

surface burned, sepsis, multiple organ dysfunction and

nephrotoxic antibiotics [5–8]. In burn patients, AKI carries

an additional risk of morbidity and mortality [9–11]. Mortality

rates ranging from 14% to 100% are reported [3,4,9,12–14].

The pathophysiology of AKI in the setting of burn is most

likely related to the longer duration of inflammatory response

[15,16] rather than to the decreased renal perfusion [17]. That

said, intra-abdominal hypertension and abdominal compart-

ment syndrome due to excessive fluid resuscitation [18,19] or

rhabdomyolysis [20,21] may also lead to development of AKI

[22,23].

Long-term dialysis after burn AKI is rare [24]. Traditionally,

recovery from AKI has been expressed as recovery of kidney

function with improvement of urine output and glomerular

filtration rate, and AKI survivors are considered to have an

excellent long-term prognosis [25]. However, recent research

challenges this concept and non-burn AKI survivors seem to

be at heightened risk for chronic kidney disease (CKD) and

progressive renal failure [26,27]. The purpose of this epidemi-

ological registry linkage study was to investigate the occur-

rence of end-stage renal disease (ESRD) among a large national

cohort of burn patients obtained from the National Hospital

Discharge Register.

2. Materials and methods

The Helsinki University Hospital Internal Review Board

approved the study protocol. Permission to use the register

information in scientific research was obtained from the

National Institute of Health and Welfare (THL) after consulting

the data protection authority. Specifically, permission to

identify burn adult patients from the National Hospital

Discharge Register and the Finnish Registry for Kidney

Diseases was obtained from THL.

The Finnish Hospital Discharge Register, a national health

care registry maintained by THL National Institute for Health

and Welfare, has been maintained data since 1960. The

registry includes all inpatient care since 1967 and outpatient

care in public hospitals since 1998. The register collects

information on hospitalizations (day of admission and

discharge), outpatient visit (day of visit), diagnoses given

during the inpatient care (ICD-10 codes since 1996) and

surgical procedure codes (NOMESCO Classification of Surgical

Procedures since 1997).

The Finnish Registry for Kidney Diseases, a national health

care registry maintained by the Finnish Kidney and Liver

Association, has been maintained data since 1964. The registry

has an estimated coverage of 97–99% of all dialysis and kidney

transplantation patients in Finland. The coverage of FRKD has

been estimated several times during the existence of the

registry. The latest estimate was performed in the annual

report of 2010 [28]. All patients whose dialysis treatment lasts

at least three months are recorded in the registry. Hospitals
report to the registry information concerning kidney disease,

including start date of renal replacement therapy (RRT),

kidney disease diagnosis, modality of RRT – hemodialysis,

peritoneal dialysis or kidney transplantation – laboratory

variables and cardiovascular comorbidities. After start of RRT,

data are updated annually. Written informed consent and

permission to use the data anonymously in registry reports

and for research purposes were obtained from all patients

upon their entering the registry.

The register linkages in this study were done using the

personal identity code (PIC) as a key. All citizens and

permanent residents in Finland have a unique PIC, which

was introduced in 1964–1967. The PIC code is given already in

the birth hospital, and it remains unchanged during an

individual’s life span. The PIC is used in all main registers in

Finland and allows reliable deterministic record linkage. The

PICs were replaced by a study code after the linkage.

Inclusion criteria for this register linkage study comprised

patient age �18 years when the burn occurred, diagnosis with

ICD-10 codes T20-T32.9 for burn and treatment in a hospital in

Finland according to the National Hospital Discharge Register.

The data of burn patients were reviewed to detect those who

had been diagnosed with AKI before, during or after the burn

accident with ICD-10 codes N17.0-N17.9 in 1.1.1998–31.12.2012.

The cohort of burn patients was linked with the Finnish

Registry for Kidney Diseases to identify all patients who were

on chronic RRT before, during or after the burn. The causality

between burn and ESRD was evaluated based on kidney

disease diagnosis available in the Finnish Registry for Kidney

Diseases and was recorded as either unlikely causality or

plausible causality. The follow-up of the Finnish Registry for

Kidney Diseases ended on 31.12.2013.

End-stage renal disease is defined as need for maintenance

dialysis treatment for at least 3 months, or kidney transplan-

tation. The incidence of ESRD is the number of patients with

ESRD documented in the Finnish Register for Kidney Disease

in relation to the total population of Finland at the same time

period.

2.1. Statistical analysis

We calculated standardized incidence ratio (SIR) for the risk of

ESRD after burn by using national rates from the Finnish

Registry for Kidney Diseases during the study period. We

performed survival analysis by generating a Kaplan–Meier

survival plot until first event of end-stage renal disease. The

right-censoring occurred only if the patient was alive without

event occurrence at last follow-up in 31 December 2011.

3. Results

3.1. All patients

During the study period 41,179 adults in Finland were treated

for burns at hospitals as in- or outpatients. The total number of

follow-up years was 374,603, with a mean of 9.1 years per

patient. Total treatment periods numbered 115,828. Of the

patients, 48% had only one treatment period; one treatment

period refers to one hospital admission, including the



Fig. 1 – Number of patients diagnosed with acute kidney injury after burn in Finland in 1998–2012.
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emergency presentation admission associated with the same

hospital admission. Of the 41,255 burn patients, 37,323 (90.5%)

were not diagnosed with kidney disease in either of the

registries before, during or after the burn.

3.2. Acute renal failure

Fig. 1 illustrates the occurrence of AKI during the post-burn

follow-up period. Altogether, 1660 burn survivors were

diagnosed with AKI. Fig. 2 illustrates the incidence density

of AKI after the burn. During the first year post-injury we

recorded 345 AKI diagnosis, which is 20.8% of all AKI

diagnoses, yielding an incidence of 1059 per 100,000 follow-

up years. In 86 patients, AKI was diagnosed simultaneously

with the burn. During the whole follow-up the incidence of

AKI after burn was 510 per 100,000 person-years.

3.3. End-stage renal disease

We recorded 43 burn survivors in the Finnish Registry for

Kidney Diseases who had ESRD and RRT initiated simulta-

neously with or after the burn. The SIR for ESRD after burn for

all patients was 2.40 (95% CI 1.73–3.23) compared with the

general Finnish population. The risk for ESRD was increased in

both genders, but more notably in women (SIR 3.11, 95% CI

1.66–5.32) than in men who were burn survivors (SIR 1.89, 95%

CI 1.27–2.69) (Table 1).

3.4. Association of end-stage renal disease with burn

Table 2 illustrates in detail the characteristics of the patients

who were diagnosed with ESRD after burn. Shortly, most

were male and hemodialysis was started first in the majority

of the patients. After the initial dialysis period, eight

received a kidney transplantation. Of the 43 patients who

developed ESRD after the burn, altogether 26 died; 16 due to
cardiovascular causes, 5 due to infectious causes, and 5 due to

other causes, of which none were burn-related.

Of the 43 patients who started RRT after the burn, 38 had a

specific diagnosis of ESRD, including diabetic nephropathy

(N = 27), autosomal dominant polycystic kidney disease

(N = 3), IgA nephropathy (N = 3), Alport syndrome (N = 1),

secondary amyloidosis (N = 1), multiple myeloma (N = 1),

nephrosclerosis (N = 1) and focal and segmental glomerulo-

sclerosis (N = 1), recorded in the registry. Thus, a causal

association between burn AKI and ESRD was deemed unlikely,

and burn was not considered a direct cause of ESRD.

Among these 38 patients, RRT was initiated within one year

from the burn in three patients (at 1, 2 and 9 months after burn

hospitalization, respectively), whereas in the other 35 patients

RRT was started at a median of 5.2 years (range 1.3–14.8 years)

after burn.

In the remaining five patients, the diagnosis of ESRD was

unknown cause of renal failure (ICD-10 code N18.9). In two of

these patients, maintenance RRT was started within one year

from the burn hospitalization (one week and 12 months after

burn hospitalization, respectively), whereas in the other three

patients with an unknown cause of renal failure, RRT was

initiated at 5.3, 8.7 and 9.7 years after burn, respectively. A

causal association between burn and ESRD was considered

plausible.

4. Discussion

The risk for ESRD after burn in our patient pool was increased

significantly. The risk rose by nearly 2.5-fold compared with

the general population. However, given that the majority of

patients with ESRD after burn were diagnosed with a specific

kidney disease as the cause of ESRD, we deemed it unlikely

that burn directly caused ESRD. Instead, we speculate that

burn contributed to accelerated deterioration of kidney



Fig. 2 – (A) Number of patients diagnosed with acute kidney injury after burn per 100,000 person years. (B) Kaplan–Meier

survival curve with 95% confidence intervals for burn injuries.

b u r n s 4 2 ( 2 0 1 6 ) 3 1 6 – 3 2 1 319
function in patients with underlying CKD, explaining the

increased incidence. Traditionally, patients with complete

recovery from AKI have been suggested to have an excellent

prognosis, but recent data have challenged this concept
Table 1 – Incidence of end-stage renal disease after burn
compared with incidence in the whole Finnish popula-
tion. O/E = observed/expected.

Male Female All

N 27,465 13,714 41,179

Observed 30 13 43

Expected 15.90 4.18 17.95

O/E = standardized

incidence ratio

1.89 3.11 2.40

95% CI 1.27–2.69 1.66–5.32 1.73–3.23

Per 100,000 person years 16.8 16.3 16.6
[29,30]. Moreover, controversy exists as to whether AKI is

causally related to chronic progressive renal failure or whether

several residual confounding factors, such as baseline kidney

function, shared risk factors or ascertainment bias (sicker

patients have more follow-up assessments), might explain the

association [31].

In this study, the vast majority of the ESRD patients had a

specific diagnosis of kidney disease, and this association may

be based on the residual confounding factors mentioned

above. In the non-burn literature on critically ill patients with

AKI, the succeeding risk for CKD and ESRD is increased with or

without RRT [31–33]. In our study, we were unable to

determine whether the burn accelerated the deterioration of

kidney function in patients with pre-existing renal disease,

suggesting an acute-on-chronic type of injury trait. Even mild

chronic impairment of kidney function significantly increases

the risk of AKI [34]. Acute-on-chronic type of kidney injury



Table 2 – Characteristics of patients diagnosed with end-
stage renal disease after burn.

Patients
diagnosed
with ESRD
after burn

(N = 43)

Mean age at burn, years (range) 52 (10–81)

Mean age at ESRD diagnosis, years (range) 57 (17–81)

Male/female (%) 30/13 (70/30)

Mortality during follow-up (%) 26 (60)

Mean length of follow-up, years (range) 8.6 (1.5–14.4)

Mean time from burn to death, years (range) 8.1 (1.5–14.1)

Hemodialysis as first treatment modality (%)

[vs. peritoneal dialysis]

28 (65)

Patients receiving a kidney transplant

during follow-up (%)

8 (19)

Patients with history of comorbid

condition, (%)

Angina pectoris 8 (19)

Myocardial infarction 7 (16)

Peripheral arteriosclerosis with

amputation or other surgery

7 (16)

Stroke 7 (16)

Left ventricular hypertrophy 6 (14)

Cardiac decompensation 5 (12)

Coronary bypass surgery 3 (7)

ESRD, end-stage renal disease.
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during hospitalization results in poorer survival [35], and the

severity of the AKI correlates directly with the progression to

CKD [36].

Previous literature shows that the risk for AKI among

patients with major burns can be as high as 24% [3]. In this

study, we established an incidence rate of 17 per 100,000

person-years. The National Hospital Discharge register auto-

matically collects data on all hospitalizations occurring in

Finland. However, the reliability of the registry data depends

on the quality of the reporting of individual hospitals.

Definitions for AKI have undergone major changes since the

early years of this analysis (starting from 1998). Similarly,

additional diagnoses during hospitalization, such as AKI,

probably have not been reported accurately in the registry,

especially in the early years of the study. Therefore, AKI

diagnoses associated with burns are most likely under-

reported in the National Hospital Discharge Register, and

the occurrence of AKI in association with burns in our study

cannot be established precisely.

To our knowledge, none of the previous studies addres-

sing the incidence of ESRD following AKI in burn patients

are based on a nationwide database. A main strength of our

study is the use of two nationwide registries that allow

reliable assessment of the incidence of ESRD among a large

population of burn patients. Other strengths include the

high completeness and accuracy of information available

from the Finnish Registry for Kidney Diseases [37] and the

long time-window of the follow-up. A further strength is the

large burn patient cohort with register data linkage for

understanding the evolution of ESRD in patients with burns.

We thoroughly consider several potential biases in the

registry data and in our analyses. Inherent limitations are
that we did not have individual-level data on the severity

of burn and patient-related risk factors since only data

included in the registries were available for our analyses.

According to local rules and the permission to obtain data

from the registries, the personal identity codes were

encrypted after the record linkage, and no further linkages

or review of individual-level patient files were unfortunately

possible. In addition, the data linkage between registries

allows us to only study associations, drawing no conclu-

sions on true causality. However, with the very large

number of burn patients in our analysis and the almost

complete coverage of ESRD patients in Finland of the

Finnish Registry for Kidney Diseases, it is unlikely that we

have missed patients with ESRD occurring after burn.

To conclude, we show a statistically increased risk of ESRD

after severe burn. However, our results do not support the

notion that ESRD after burn is directly associated with burn

AKI. Based on our data, burns are not directly causally

associated with ESRD, but may increase the risk of ESRD in

patients with pre-existing CKD.
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