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Tunnels or cysts covered with epithelial cells have 
been seen in specimens of chronic pyoderma or  
atheroma—diseases that are both frequently accom-
panied by bacterial infections. In that context, epithe-
lialization around the Tenckhoff catheter throughout 
the subcutaneous tunnel, even if possible, may not be 
ideal for the prevention of bacterial or fungal infec-
tion. Although epidermal tissue has a barrier function, 
and keratinocytes produce many antimicrobial agents, 
the skin hosts a number of bacteria and fungi. In fact, 
ESIs are thought to be associated with epidermal 
downgrowth after a dead space is formed at the exit 
site, with accumulation of the products of skin metabo-
lism. To prevent downgrowth, creation of an outward- 
directed exit site at the time of surgery and avoidance 
of trauma in daily care would be desirable ways to avoid 
catheter infections.

CONCLUSIONS

Epithelium is absent from the subcutaneous tunnel 
in long-term PD patients. Because the exit site and the 
subcutaneous tunnel are not clearly differentiated his-
tologically, diagnostic criteria to differentiate ESIs and 
TIs should be further explored.
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peritoneal Dialysis in patients with 
Malaria and Acute Kidney Injury

Cerebral malaria, acute lung injury, severe anemia, 
and acute kidney injury (AKI) influence the outcome of 
severe malaria cases (1). Although a number of studies 
have dealt with the first three complications, only a few 
have described the renal complications in malaria, and 
scant data from India are available (2–4).

Malaria-associated AKI may occur as the sole com-
plication or as one of multiple complications (5). Some 
patients may have nonoliguric AKI, and they usually 
have a better prognosis even without renal replacement 
therapy (RRT); others may need RRT.

Acute kidney injury is associated with increased mor-
bidity and mortality in malaria (1–5). In the presence 
of AKI, the fatality of cerebral malaria triples to 45% 
from 15% (4,5). Prognosis can be greatly improved by 
the institution of RRT. However, there is no consensus 
in the literature on the best RRT modality in AKI—and 
especially whether hemodialysis (HD) or peritoneal 
dialysis (PD) should be used. There are concerns about 
the inadequacy of PD on the one hand, and the intermit-
tency of HD with the potential for hemodynamic insta-
bility on the other. Use of continuous RRT is becoming 
more commonplace in critically ill patients with AKI. 
In a study from Vietnam, survival was lower in ma-
laria patients treated with PD than in those treated with  
hemofiltration (6).
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We retrospectively analyzed the case records of malaria 
patients with AKI who received some form of RRT. Permis-
sion was obtained from the local ethics committee.

METHODS

Ispat General Hospital is located in Rourkela, in the 
western part of Orissa in India. This postgraduate teach-
ing hospital has 650 beds and round-the-clock facilities 
for biochemical, radiologic, and blood-banking services. 
Its several clinical units include critical care and nephrol-
ogy. In this retrospective observational study, records of 
all the patients who underwent RRT for AKI because of 
infection with falciparum malaria were collected.

Indications for dialysis in patients with malarial AKI 
were any combination of

•		 serum	creatinine	greater	than	3	mg/dL	and	anuria	or	
oliguria for more than 12 hours,

•		 fluid	overload	in	form	of	pulmonary	edema,
•		 severe	acidosis	(pH	7.2	or	less),
•		 uremic	encephalopathy,	and
•		 hyperkalemia.

Peritoneal dialysis was performed in patients who 
were hemodynamically unstable (systolic blood pres-
sure ≤ 80 mmHg) or in those on ventilatory support for 
acute respiratory distress syndrome associated with 
AKI (because the critical care unit of the hospital has 
no HD facility).

Procedure for PD: With all aseptic measures and local 
anesthesia, a state of artificial ascites was created by in-
troducing 1.5 – 2 L PD fluid into peritoneal cavity through 
a 18G intracatheter needle placed about 2 cm below the 
umbilicus. The aim of this step was to avoid injury to the 
internal organs during introduction of the trocar.

Through a small incision at the same site, the trocar with 
PD catheter was introduced into the abdomen. The catheter 
was directed toward and placed into the right iliac fossa 
region. The PD catheter was then connected to the tubing. 
Outflow was tested, and the catheter was secured with a 
purse string suture. The wound was then properly dressed.

In each exchange, 2 L PD fluid was introduced into 
the abdomen with 10 minutes of inflow, 30 minutes of 
dwell, and 20 minutes of outflow. The negative or positive 
balance for each dwell was recorded, and 36 – 48 such 
exchanges were carried out for each patient.

Procedure for HD: Hemodialysis was carried out us-
ing a double-lumen hemodialysis catheter introduced 
by a subclavian, jugular, or femoral approach and 
connected with tubing to a newer-version HD machine  

(AK 200S: Gambro Lundia AB, Lund, Sweden). The blood 
flow rate was about 200 mL/min, and the (bicarbonate) 
dialysate flow rate was 400 – 500 mL/min. Ultrafiltra-
tion was performed for patients with fluid overload. The 
duration of hemodialysis was 3 hours daily.

RESULTS

Of 26 patients who underwent RRT (19 men, 7 women; 
age range: 16 to 46 years), 11 received HD, and 15 re-
ceived manual PD (Table 1). The period of illness before 
hospitalization was 3 – 13 days. There was no difference 
between the groups in the median duration of sickness 
before attending the hospital (p = 0.574).

TABLE 1 
Renal Replacement Therapy in Malaria-Related  

Acute Kidney Injury

 Patient group p
  Variable HD PD Value

Patients (n) 11 15 
Age (years)   
 Median 28 30 0.907
 Range 16–46 18–45 
Men [n (%)] 7 (64) 12 (80) 0.397
Fever (days)   
 Median 4 3 0.574
 Range 3–7 3–13 
Glasgow coma score   
 Median 10 7 0.416
 Range 3–15 3–15 
Hemoglobin (g/dL)   
 Median 8 8.8 0.875
 Range 6.5–13.5 5.7–14.3 
Urea (mg/dL)a   
 Median 240 246 0.875
 Range 147–377 106–369 
Creatinine (mg/dL)   
 Median 7.8 8.3 0.077
 Range 3.5–10.1 4.4–17.1 
Bilirubin (mg/dL)   
 Median 6.6 6.1 0.573
 Range 0.5–25.1 0.3–32.6 
Cerebral malaria [n (%)] 7 (64) 10 (67) 0.879
Jaundice [n (%)] 8 (73) 10 (67) 0.768
Death 4 (36) 3 (20) 0.397

HD = hemodialysis; PD = peritoneal dialysis.
a To convert urea in milligrams per deciliter to millimoles per 

liter, divide the milligrams-per-deciliter value by 6. To convert 
urea in milligrams per deciliter to blood urea nitrogen in 
milligrams per deciliter, divide the milligrams-per-deciliter 
value by 2.142.
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Cerebral malaria was present in 17 of the patients 
(65%), 10 in the PD group, and 7 in the HD group  
(p = 0.88). Jaundice was present in 18 (69%). Although 
anemia was observed in a few patients, severe anemia 
(hemoglobin < 5 g/dL) was not encountered. Blood 
urea ranged from 106 mg/dL to 377 mg/dL (reference 
 value: 15 – 45 mg/dL), and serum creatinine was 3.5 – 
17.1 mg/dL. Mortality was higher among patients who 
underwent HD (36% vs 20% in PD group, p = 0.397 by 
Fisher exact test). We observed no differences in age, 
sex, hemoglobin, urea, or creatinine between patients 
who survived and those who expired. Cerebral malaria 
was present in all patients who died (7 of 7), but in just 
53% of those who recovered (10 of 19, p < 0.02). Mul-
tiple complications—specifically, jaundice and cerebral 
 malaria—were more frequent in malaria patients in pres-
ence of AKI than in its absence (77% vs 19%, p < 0.001, 
and 59% vs 11%, p < 0.001, respectively). In a previous 
report, we observed that the concurrent presence of 
cerebral malaria and AKI increased mortality (2).

DISCUSSION AND CONCLUSIONS

Various therapeutic options are available for AKI. From 
a technical viewpoint, PD is the simplest form of RRT. Pa-
tients who are hemodynamically stable can be managed 
with intermittent HD, whereby relatively short (3- to 
4-hour) dialysis sessions are performed daily or every 
other day. Patients who are hemodynamically unstable 
are best managed using PD or continuous RRT.

In many parts of the world, PD is widely used for RRT 
in AKI despite concerns about its inadequacy. But PD has 
been replaced in recent years by HD and, most recently, 
by continuous venovenous therapies.

In a prospective study conducted in a tertiary-care 
university hospital in Brazil (7), 120 patients with 
acute tubular necrosis were assigned to receive either 
continuous PD or daily HD. The primary endpoint was 
hospital survival rate; secondary endpoints were renal 
function recovery and metabolic, acid–base, and fluid 
control. Of the 120 patients, 60 were treated with con-
tinuous PD (group 1), and 60, with daily HD (group 2). 
The two groups were similar at the start of RRT with 
respect to age, sex, sepsis, shock, severity of AKI, Acute 
Tubular Necrosis Individual Severity Score, pre-dialysis 
blood urea nitrogen, and creatinine. They were also 
similar in metabolic and acid–base control. Despite 
the use of different dialysis methods and doses, the 
survival rate did not differ between the groups (58% 
in group 1 vs 52% in group 2). The authors concluded 
that continuous PD can be considered for use as a RRT  
modality in AKI.

Among the several advantages that PD offers, its 
relatively low cost is probably the most significant. Un-
like the saw-tooth of HD treatment, PD delivers steady-
state treatment that avoids wide fluctuation in plasma 
volume and solutes. Other advantages include technical 
simplicity, lack of a need for anticoagulation or place-
ment of a central venous catheter, and excellent toler-
ance in hemodynamically unstable patients. Peritoneal 
dialysis also requires less expertise than HD, and nursing 
staff, technicians, and doctors can easily be trained in 
the technique. Despite certain limitations, PD still has 
much potential and can be successfully used in district 
hospitals and less accessible areas.

Although our study is smaller and retrospective in na-
ture, its findings differ from those reported from Vietnam 
and should encourage resource-poor countries to under-
take large prospective studies to evaluate the efficacy of 
PD in AKI. Several logistics problems are associated with 
HD, such as travel to a specialized center and wait times. 
There may be an inordinate delay in providing HD, but PD 
can be started immediately.

In situations resembling that in rural India, malaria 
is a major problem. The illness is often associated with 
AKI, which adversely influences outcomes whether 
the AKI is present alone or in combination with other 
complications. The prognosis can be greatly improved 
by timely institution of RRT. Peritoneal dialysis is a vi-
able option to be considered and instituted early in the 
disease course. In our patients, PD improved survival to 
36% from 20% and could be considered the first choice 
in this population. The present study, being retrospec-
tive, has some limitations. Still, in countries such as 
India, PD should not be ignored and must be instituted 
as early as possible.
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