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Renal function and blood pressure five years after
Puumala virus-induced nephropathy
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Renal function and blood pressure five years after Puumala areas in Europe [1]. Approximately 1000 serological di-
virus-induced nephropathy. agnoses are made in Finland annually, but judging from

Background. Nephropathia epidemica (NE) is a mild form the high seroprevalence (5%) in the population, mostof hemorrhagic fever with renal syndrome caused by Puumala
infections are subclinical or undiagnosed [2]. NE is thehantavirus. Its long-term prognosis is considered favorable.
most common cause of acute nephritis in Finland [3].Some reports suggest, however, that a previous hantavirus in-

fection increases the risk of hypertension. The causative agent, Puumala (PUU) virus, is a member
Methods. We studied 46 previously healthy subjects (26 of the genus Hantavirus in the Bunyaviridae family [4].

males and 20 females, mean age of 44 years) who had serologi- Its natural host is the bank vole (Clethrionomys glareo-cally confirmed NE three to seven years previously, and 38
lus) [5].healthy, seronegative controls (22 males and 16 females, mean

The HFRS viruses, including PUU, Dobrava, Han-age of 44 years). Ambulatory blood pressure (ABP) was moni-
tored. Glomerular filtration rate (GFR) and effective renal taan, and Seoul [1], cause an acute illness characterized
plasma flow (ERPF) were determined by 51CrEDTA and 131I- by high fever, headache, back and abdominal pains, nau-
hippurate clearances, respectively. The filtration fraction (FF)

sea, vomiting, visual disturbances, and hemorrhageswas calculated. Quantitative 24-hour urinary protein excretion
[6, 7]. There is considerable variability in the clinical(UprotE) and timed overnight urinary excretion of a1-microglob-

ulin were measured. severity of NE, ranging from subclinical to occasionally
Results. The NE patients had a higher mean ambulatory fatal disease [8]. Host-genetic factors obviously have an

systolic BP than the controls (123 6 13 vs. 117 6 9 mm Hg, influence on the clinical course of NE [9].
P 5 0.008). GFR and FF were increased in patients compared

In many cases, the clinical course follows certainwith controls (GFR, 120 6 20 vs. 109 6 14 mL/min/1.73 m2,
phases: febrile, hypotensive, oliguric, polyuric, and con-P 5 0.006; FF, 19 6 3 vs. 18 6 3%, P 5 0.030), but ERPF did

not differ between the groups. The patients also had higher valescent [10]. Impairment of renal function is commonly
UPE than the controls (median 0.18 g/day, range 0.12 to 0.38 seen in hospital-treated patients, characterized by atzo-
vs. median 0.14 g/day, range 0.09 to 0.24, P , 0.001, respec- temia, microscopic hematuria, and proteinuria, and tran-
tively). The overnight urinary excretion rate of a1-microglobu-

sient hemodialysis is needed in a minority [7]. The typicallin exceeded 7 mg/min in nine patients.
renal histopathologic lesion is acute tubulointerstitial ne-Conclusion. Three to seven years after NE, the patients had
phritis [11]. Proteinuria is mostly due to a loss of albumin,higher GFR and FF, more proteinuria, and higher ambulatory

systolic BP compared with the healthy controls. NE may thus reflecting glomerular injury [10]. Concomitant urinary
cause mild renal lesions and alterations in BP in some patients. loss of low molecular weight proteins such as b2-micro-

globulin indicates that tubular injury also contributes to
the proteinuria [12].

Nephropathia epidemica (NE) is a mild type of hemor- The convalescent phase may last from three weeks to
rhagic fever with renal syndrome (HFRS). It occurs in three months [12, 13]. The long-term prognosis of NE
Finland, northern parts of Scandinavia, and several other is usually considered favorable. However, previous fol-

low-up studies in HFRS patients for up to five years
after acute disease have shown a slightly impaired con-Key words: nephropathia epidemica, hemorrhagic fever, acute nephri-

tis, tubular lesions, Finnish acute renal failure, infection. centration capacity reflecting renal tubular defects in a
minority of patients [13–16]. In a Finnish study, endoge-Received for publication October 6, 1999
nous creatinine clearance was decreased in 5 out of 20and in revised form March 30, 2000

Accepted for publication April 18, 2000 and renal concentration capacity was decreased in 8 out
of 20 patients one to six years after acute NE [13]. More- 2000 by the International Society of Nephrology
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over, studies by one group in the United States suggest hypertension, and renal diseases. Of the controls, one
female was using thyroxin substitution for hypothyreosisthat previous hantavirus infection might be associated

with an increased risk of hypertensive renal disease, a and was considered euthyreotic. The patient and control
groups were comparable to each other in respect of age,phenomenon that may have considerable public health

and economic implications [17, 18]. gender, and body mass index (BMI), since these variables
contribute substantially to BP and parameters reflectingWe undertook the present study to investigate whether

NE is followed by long-term alterations in renal function renal function. BMI was calculated by dividing weight
(kg) by the square of height (m2). The socioeconomicand blood pressure (BP).
status of each patient and control was classified into one
of three groups (group A, self-employed persons and

METHODS
upper level employees; group B, lower level employees

Study population and manual workers; and group C, others, including stu-
dents and pensioners).The study involved 46 subjects who suffered from NE

three to seven (mean 5) years previously. The cohort All subjects gave informed consent before participa-
tion, and the study was approved by the Ethics Commit-comprised 26 males and 20 females aged from 24 to 62

(mean 44) years. They were hospitalized at the Depart- tee of Tampere University Hospital.
ment of Internal Medicine, Tampere University Hospi-

Blood specimenstal, Finland, during the period from October 1990 to
September 1995 because of serologically confirmed acute Blood samples were obtained in the morning after a

minimum 12-hour fast. Serum creatinine, urea, sodium,PUU virus infection [19]. Acute impairment of renal
function was observed in 85% of the patients. The high- potassium, total cholesterol, high-density lipoprotein

cholesterol, low-density lipoprotein cholesterol, triglyc-est serum creatinine concentrations found during hospi-
tal care ranged from 75 to 1645 (median 237) mmol/L. erides, and blood glucose were determined by Vitros

(Johnson & Johnson, Rochester, NY, USA), and a bloodFive patients required transient dialysis therapy.
The study was carried out from September 1996 to cell count was completed by Technicon H3 (Bayer Diag-

nostics, Elkhart, IN, USA).April 1999 at the outpatient department in Tampere
University Hospital. Detailed past and current medical

Electrocardiogramhistories were obtained, and a careful physical examina-
tion was made. Since the aim was to establish whether A 12-lead resting electrocardiogram (ECG) was ob-

tained. The sum of the height of the S wave of lead V1NE induces alterations in renal function and BP, the
following exclusion criteria were used: diabetes mellitus, and the R wave of lead V5 was calculated and reported

as SV1 1 RV5 (mm) as a measurement of left ventricularhypertension, and renal disease prior to NE. The follow-
ing diseases previous to NE were noted in six patients: hypertrophy (LVH).
ankylosing spondylarthritis in two, mild bronchial as-

Determination of renal functionthma in two, and coronary heart disease and chronic
schizophrenia in one each. One of the patients with The glomerular filtration rate (GFR) was determined

by the plasma clearance of 51CrEDTA, assessed by aasthma also had postoperative hypothyroidism. All of
these patients continued to use their medication over single-injection method. Effective renal plasma flow

(ERPF) was estimated by clearance of 131I-hippurate.the period of study.
A diagnosis of essential hypertension was made, and The filtration fraction (FF) was calculated as the quotient

of GFR and ERPF. GFR is expressed in both absoluteantihypertensive treatment (bisoprolol and indapamide)
commenced at a healthcare center in one female patient values (GFRabs) and values normalized for body surface

area.one year after NE. She used her medication during the
study. Elevated BP values (.140/90 mm Hg) were re-

Urine specimenscorded in three cases from the time of their acute phase
of NE, but no medication was adopted. Furthermore, The study subjects were instructed to perform a frac-

tionated 24-hour urine collection at home. The nightlyhypertensive values were noted in one patient two years
after the infection; here too, no treatment had been un- collection period was measured from the time of the last

voiding (into the toilet) at bedtime until the last voidingdertaken.
We also studied analogously 38 healthy controls who (into a polyethylene plastic receptacle) upon rising. The

daytime collection commenced immediately thereafterwere seronegative for PUU virus. The control group
comprised 22 males and 16 females aged from 26 to 64 and lasted until the total 24 hours were completed in

the evening. After completion, volumes were measured(mean 44) years. Voluntary controls were collected by
open advertisement. The controls had the same exclusion and timing was recorded for the two collection periods.

Quantitative 24-hour urinary protein excretion (UprotE)criteria as the patients: a history of diabetes mellitus,
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was measured by the pyrogallol red molybdate method hour mean ABP of more than 133/82 mm Hg with refer-
ence to a large population study of ABPM [20].(Olli C.; Kone Instruments, Helsinki, Finland) and was

calculated as a sum of the nightly and daily protein excre-
Statistical analysistions. Timed overnight urinary excretions of a1-micro-

globulin, albumin (UAER) and IgG were measured by To describe the data, means and standard deviations
are given for normally distributed variables and mediansnephelometry (Behring Nephelometer II Analyzer; Beh-

ringwerke AG, Marburg, Germany). Overnight urinary and ranges for skew-distributed continuous variables.
For categorical variables, percentages are used.excretions of a1-microglobulin $7 mg/min, albumin $11

mg/min, and IgG $5 mg/min were considered abnormal Groups were compared using independent sample
t-tests for normally distributed variables and Mann–based on the healthy reference material of our labora-

tory. Whitney U tests for skewed variables. As concentrations
of proteins in urine from healthy individuals were fre-Spot samples of morning urine were collected after a

minimum 12-hour fast. Second-morning urine specimens quently below the detection limit of nephelometry, they
were dichotomized (protein yes/no), and differences be-were analyzed for osmolality and were tested with dip-

sticks for erythrocytes, leukocytes, albumin, nitrite, glu- tween groups tested using cross-tabulation and x2 test
or Fisher’s exact test. Pearson’s correlation coefficientscose, pH, and ketones. A microscopic urine examination

was made if dipstick tests showed positive results for were used to examine relationships between normally
distributed continuous variables. In view of their skewederythrocytes, leukocytes, protein, or nitrite. Hematuria

was defined as a positive dipstick test for erythrocytes distribution, UprotE, UAER, and maximal creatinine con-
centrations during the acute phase of NE were log trans-and over two erythrocytes per high-power field. Osmol-

ality of urine was measured by the Advanced Cryomat- formed before analysis. Multiple linear regression analy-
sis was carried out to identify factors determiningice Osmometer (Advanced Instruments Inc., Needham

Heights, MA, USA). proteinuria in the patient group. Analysis of covariance
was made to determine whether the difference in pro-

Ambulatory blood pressure monitoring teinuria and GFRabs between the groups could be as-
cribed to a difference in factors other than the previousTwenty-four–hour ambulatory BP (ABP) was mea-

sured during one 24-hour period by the oscillometric NE disease. All testing was two sided, and statistically
significant P values are given. All tests were performedand/or auscultatory method using a noninvasive, fully

automatic recorder (Novacor Diasys Integra; Novacor with the SPSS (version 7.0) statistical software package.
SA, Rueil-Malmaison France). An experienced nurse
fitted the device, and BP was verified against a mercury

RESULTS
sphygmomanometer upon installation and removal. At

Clinical data and biochemical profilethe start of each ambulatory BP monitoring (ABPM)
registration, three measurements were taken with the The essential clinical characteristics and results from

some basic laboratory tests of patients and controls ap-Novacor Diasys Integra monitor in the outpatient clinic.
The means of these three readings were taken as office pear in Table 1. Age, BMI, gender, and basic laboratory

tests did not differ between the groups. Furthermore,BPs. Thereafter, readings were recorded at 15-minute
intervals during the daytime and at 30-minute intervals the groups were comparable in respect of socioeconomic

status: 12 out of 38 (32%) controls and 16 out of 46during the night. The subjects were advised to pursue
their usual daily routines and to keep a record of their (35%) patients belonged to group A, 24 (63%) con-

trols and 25 (54%) patients to group B, and 2 (5%)activities. None were on night shift duties, and all slept
during the night. controls and 5 (11%) patients to group C. All were in

good health and had no history or signs of a recent
Analysis of the ambulatory blood pressure data infection. None had hyperglycemia or anemia.

Irregularities in BP readings were rejected automati-
Electrocardiogramcally or manually after visual inspection, when systolic

BP (SBP) was ,50, diastolic BP (DBP) was ,30 or .150 Neither the patients nor the controls had pathological
Q-waves or ST-segment depressions in their electrocar-mm Hg, and heart rate was ,35 or .250 beats per

minute. Mean values for SBP and DBP, mean BP (MBP), diogram (ECG) recordings. The patients yielded slightly
higher values for the sum of SV1 and RV5 than theand heart rate were calculated from each registration

during the 24-hour day-and-night period. Circadian vari- controls, but the difference was not statistically signifi-
cant (26 6 9 vs. 23 6 6 mm, P 5 0.109). SV1 1 RV5ability (%) was calculated as follows: (daytime value 2

nighttime value) 3 100/daytime value. MBP was calcu- (mm) in ECG correlated positively with 24-hour MBP
in both groups (patients, r 5 0.42, P 5 0.006; and con-lated as follows: DBP 1 1/3(SBP 2 DBP). The cutoff

point for ABP used to define “hypertension” was a 24- trols, r 5 0.43, P 5 0.011).



Mäkelä et al: Puumala hantavirus infection1714

Table 1. Clinical characteristics and basic laboratory values in nephropathia epidemia (NE) patients and controls

Patients Controls
(N 5 46) (N 5 38) P value

Age years 44610 44610 NS
Sex males/females 26/20 22/16 NS
Body mass indexa kg/m2 26 (19–48) 25 (21–34) NS
Laboratory measurements

Blood hemoglobin g/L 142611 141611 NS
Blood leukocytes E9/L 5.961.6 5.461.3 NS
Fasting serum total cholesterol mmol/L 5.160.8 5.360.9 NS
Fasting seruma triglycerides mmol/L 1.2 (0.5–17.5) 1.4 (0.5–3.6) NS
Fasting blood glucose mmol/L 4.660.5 4.360.4 NS
a Values are expressed as mean 6 SD for normally distributed variables and as median (range) for skew-distributed variables

Table 2. Renal function and proteinuria in NE patients and controls

Patients Controls
(N 5 46) (N 5 38) P value

Serum creatinine lmol/L 77610 81613 NS
Serum urea mmol/L 5.161.1 4.761.2 NS
Urine osmolality after overnight fast mOsm/kg 7576173 7496221 NS
GFR mL/min/1.73 m2 120620 109614 0.006
GFRabs mL/min 136625 122623 0.015
ERPFa mL/min/1.73 m2 639 (355–854) 627 (480–907) NS
Filtration fraction % 1963 1863 0.030
Urinary protein excretiona g/day 0.18 (0.12–0.38) 0.14 (0.09–0.24) ,0.001
Urinary protein excretion daytimea g 0.12 (0.07–0.31) 0.10 (0.06–0.14) ,0.001
Urinary protein excretion nighttimea g 0.006 (0.003–0.23) 0.004 (0.001–0.12) ,0.001

a Values are expressed as mean 6 SD for normally distributed variables and as median (range) for skew-distributed continuous variables
Abbreviations are: GFR, glomerular filtration rate; GFRabs, absolute values for GFR; ERPF, effective renal plasma flow.

Renal function tively with the log-transformed UprotE (r 5 0.31, P 5
0.04, and r 5 0.43, P 5 0.004, respectively) and with theThere were no significant differences between patients
severity of the previous NE, as determined by the highestand controls in serum creatinine, urea, and urine osmol-
serum creatinine concentration (log-transformed) duringality (Table 2). All subjects had normal serum creatinine
the acute phase of NE (r 5 0.32, P 5 0.03, and r 5 0.33,(healthy upper reference limits: 100 mmol/L in women and
P 5 0.03, respectively). There was also a slight positive115 mmol/L in men) and urea concentrations (healthy
correlation between GFRabs and mean ambulatory SBPreference intervals: 2.6 to 6.4 mmol/L in women and 3.0
(r 5 0.32, P 5 0.04) in the patient group.to 8.5 mmol/L in men). Urine osmolality levels after

overnight fasting were below 600 mOsm/kg in 6 (13%)
Urinalysispatients and in 8 (21%) controls (P 5 NS).

The patients had significantly higher 24-hour daytimeThe mean GFR of the patients was increased com-
and overnight UprotE values than the controls (Table 2).pared with controls, expressed either as absolute values
Twelve out of 45 (27%) patients and 2 out of 38 (5%)or values normalized for body surface area (Table 2).
controls had UprotE over 0.22 g/day (P 5 0.009), whichOnly one 45-year-old patient showed a reduced GFR
was the 95th percentile limit for UprotE in the controls.(59 mL/min/1.73 m2). She was also found to have hyper-
Overnight excretion of a1-microglobulin exceeded 7 mg/tension, and antihypertensive medication was com-
min (healthy upper reference limit) in 9 out of 43 (21%)menced in a healthcare center one year after NE. Results
patients and in 1 of the 38 (3%) controls (P 5 0.012).of UprotE and ABPM in this case are shown in Table 4,
UAER exceeded 11 mg/min (healthy upper referencepatient 8.
limit) in six (14%) patients and in one (3%) controlA GFR above 130 mL/min/1.73 m2 indicating hyperfil-
(P 5 0.114). IgG was not detected in the urine in eithertration was seen in 13 out of 44 (30%) patients and in
patients or controls.4 out of 38 (11%) controls (P 5 0.034). The calculated

Hematuria was observed in five (11%) patients andFF for the patients was also significantly higher than that
in two (5%) controls (P 5 NS). None had glucosuria.in controls. ERPF did not differ between the groups
One patient had asymptomatic urinary tract infection,(Table 2).

In the patient group, GFR and GFRabs correlated posi- and she was excluded from further urinalysis.
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Table 3. Results of 24-hour ambulatory blood pressure SBP and DBP than the controls during the 24-hour, day-
measurements in NE patients and controls

and-night periods, although the difference was significant
Ambulatory blood Patients Controls only for SBP (Table 3). The patients also had significantly
pressure (mm Hg) (N 5 42) (N 5 37) P value higher MBP than the controls during the 24-hour and
Means of 24 hour day periods and higher heart rate during the whole day.

SBP 123613 11769 0.008
The office BP and the circadian variability for SBP, DBP,DBP 79 67 76 67 NS

Means daytime and heart rate did not differ significantly between the
SBP 128614 12169 0.016 groups (data not shown).
DBP 82 68 79 67 NS

Seven out of 42 (17%) patients and 2 out of 37Means nighttime
SBP 105612 10069 0.036 (3%) controls had “hypertension” (24-hour mean ABP
DBP 68 67 66 67 NS .133/82 mm Hg) in ABPM (P 5 0.061). The results

Mean blood pressure
of office BP measurements, ABPM, GFR, UprotE, and24-hour 9468 90 67 0.019

daytime 9769 93 67 0.024 maximal serum creatinine concentrations found during
nighttime 8068 77 67 NS acute PUU virus infection in these patients are shown

Mean heart rate beats/min
in Table 4 (patients 1 through 7). Elevated BP values24-hour 75611 7066 0.013

daytime 77611 7367 0.026 (.140/90 mm Hg) had been measured in two patients
nighttime 6269 58 67 0.014 (patients 1 and 3, Table 4) ever since and in one patient
Values are expressed as means 6 SD. (patient 2) two years after the acute phase of NE at a
Abbreviations are: SBP 5 systolic blood pressure; DBP, diastolic blood pres-

healthcare center, but no medication had been used.sure.
Three of these seven patients (patients 2, 3, and 5) also
showed slightly increased UprotE and GFR values. In
addition to these seven, a diagnosis of essential hyperten-

The log-transformed UprotE of the patients did not sion had been made and antihypertensive treatment
correlate with BP or severity of previous NE, as deter- commenced in one female patient one year after NE.
mined by the highest serum creatinine concentration (log She was normotensive in ABPM (patient 8; Table 4).
transformed) during the acute phase of NE. Furthermore, ABPM failed for technical reasons in one

In multiple linear regression analysis with log-trans- female patient (patient 9); she had already been noted
formed UprotE of patients as dependent variable and the to be hypertensive at the time of the NE episode, but
highest acute-phase serum creatinine (log-transformed), had used no medication. Five out of these nine cases
24-hour SBP and GFRabs as independent variables, the suffered from severe renal failure during the acute phase
only significant factor determining proteinuria turned of NE (the highest serum creatinine concentrations rang-
out to be GFRabs (data not shown). Analysis of covari- ing from 515 to 1281 mmol/L).
ance was made to determine which factors contributed
to proteinuria and GFRabs and whether the difference

DISCUSSIONbetween patients and controls was seen after separately
Our results show that three to seven years after acuteadjusting for these covariates. GFRabs had a significant

PUU hantavirus-induced NE, patients had a higher GFRinfluence on proteinuria (P 5 0.001), but the difference
and FF, more proteinuria, and higher ambulatory SBPin proteinuria between the groups remained (P , 0.001)
and heart rate compared with seronegative controls. Fur-after controlling for GFRabs. The difference in protein-
thermore, 9 out of 46 patients showed either elevateduria between the groups was also seen after adjustment
ambulatory (24-hour mean ABP .133/82 mm Hg) orfor 24-hour SBP (P , 0.001). It also emerged that 24-
office BP values after NE. Such findings suggest thathour SBP had a significant effect on GFRabs (P 5 0.012).
NE might have chronic consequences for at least someHowever, when the difference in GFRabs between the
subjects.groups was adjusted for the effect of 24-hour SBP, the

In the present study, all patients were in a good generaldifference between the groups remained (P 5 0.048).
state of health. In mean values, our patients had in-

Blood pressure creased GFR compared with controls (Table 2). GFR
was decreased in only one patient, who was also recordedForty-two patients and 37 controls underwent 24-hour

ABPM. Monitoring failed for technical reasons in two to have hypertension after NE. Previously, glomerular
function has been reported to be either normal or slightlypatients and one control. Two patients refused to take

part in this section of the study. The values of the BP decreased in some patients subsequent to NE [12–15]. In
a Swedish study, GFR measured by 51CrEDTA clearanceparameters obtained by ABPM are shown in Table 3.

In both groups, the ABP in the day period was higher was ,85 mL/min in 3 out of 74 patients five months after
acute NE [12]. A previous Finnish follow-up study of 20than that recorded during the night, reflecting circadian

variability. The patients had higher mean ambulatory NE patients over a period of one to six years after acute
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Table 4. Sex and age distribution, and results of glomerular filtration, urinary protein excretion and blood pressure measurements of nine
patients who showed either elevated ABP values or history of development of hypertension after NE

Office Means Means Means
BP 24-hour daytime nighttime

Sex and GFR UprotE S-Crmax

Patient age mL/min/1.73 m2 g/day lmol/Lmm Hg

No. 1 M 51 107 0.18 128/92 137/94 143/98 111/77 1281
No. 2 M 42 138 0.38 150/94 135/90 141/94 107/72 915
No. 3 M 49 140 0.29 144/108 142/94 146/97 123/81 515
No. 4 M 54 119 0.20 150/83 136/82 143/86 113/72 918
No. 5 M 44 145 0.22 146/103 137/85 143/89 114/69 1241
No. 6 M 61 103 0.16 168/99 152/97 158/101 126/81 102
No. 7 M 61 121 0.18 153/97 139/88 143/90 124/79 134
No. 8a F 45 59 0.18 119/89 114/76 119/79 96/65 93
No. 9 F 53 104 0.20 140/90 x x x 1156

The maximal serum creatinine concentrations during acute phase of NE are also shown.
Abbreviations are: GFR, glomerular filtration rate; UprotE, urinary protein excretion, S-Creamax, maximal serum creatinine measured during acute phase of NE; x,

data not available.
a Used antihypertensive medication during the study

disease showed that endogenous creatinine clearance ence in GFR between the study groups remained after
an adjustment for BP. In the future, it will be interestingwas decreased (,100 mL/min/1.73 m2) in 5 out of 20

patients [13]. In that study, the individual patient data to see whether the hyperfiltration found in some of our
patients continues or whether there is a tendency towardalso revealed five patients with creatinine clearance

above 130 mL/min/1.73 m2, indicating hyperfiltration hypofiltration.
Our patients evinced higher UPE during the entire[13]. This result is in accord with our findings in some

patients of hyperfiltration subsequent to NE. day than the controls (Table 2). On the other hand, the
amount of proteinuria in the patients was slight. It isIn theory, GFR values obtained by the plasma clear-

ance of 51CrEDTA could be falsely high by reason of noteworthy, however, that the patients more frequently
showed increased urinary excretions of a1-microglobulinprecision errors in the single-injection method, for exam-

ple, an inaccurate technique for intravenous injection of than the controls, probably in consequence of a tubular
alteration impeding the normal reabsorption of filtered51CrEDTA and errors in the timing of blood samples.

However, such systematic errors cannot explain the dif- protein. Our findings of mild tubular defects are in accor-
dance with the results of two previous Finnish follow-ference between the study groups. GFR can also be

falsely high in edematous patients. None of our study up studies [13, 15]. In the previously mentioned study
of 20 patients made one to six years after acute NE, thesubjects had swellings. Furthermore, glomerular hyper-

filtration is a frequent early finding in diabetes mellitus renal concentration capacity was shown to be slightly
decreased in 8 out of 20 patients [13]. In the later study[21, 22]. None of our patients had hyperglycemia or glu-

cosuria. of nine patients carried out four to five years after acute
disease, glomerular function was found to be normal,In the present study, the increase in GFR in the patient

group was not associated with a proportional increase but there were slightly abnormal values in tubular func-
tion tests (acidification and concentration capacity) inin renal plasma flow, and thus, the calculated FF was

significantly higher in the patients compared with the five patients [15]. Mild nonspecific changes were seen
in renal biopsies, possibly connected with the tubularcontrols. This suggests an altered balance between the

tone of the afferent and efferent glomerular arterioles, dysfunction [15]. In a Greek study, 12 patients were
examined one to five years after acute hantavirus infec-which might lead to increased intraglomerular pressure

as the mechanism of hyperfiltration. tion and three with normal creatinine clearance and BP
had renal tubular acidosis (RTA); two (one of whom alsoHyperfiltration could also result from abnormal trans-

mission of systemic hypertension to the glomerulus had incomplete RTA) had reduced urine concentrating
ability [14].through a disturbance in intraglomerular autoregulation.

Recently, Schmieder et al found that glomerular hyper- Among other mechanisms possibly explaining the dif-
ference in proteinuria between the groups in this studyfiltration is evident in early essential hypertension during

stress-induced sympathetic activation [23]. They suggest are renal hemodynamic changes caused by direct trans-
mission of increased systemic pressure to the glomerulithat angiotensin II is the pathogenetic link between sym-

pathetic activation and glomerular hyperfiltration. In the and hyperfiltration. Both multiple linear regression anal-
ysis and analysis of covariance showed that GFR had apresent study, analysis of covariance showed that BP

indeed had an effect on GFR. Nonetheless, the differ- significant influence on proteinuria. However, the differ-
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ence in proteinuria between the groups remained after cause mild tubular lesions and hypertension in some
patients. Further follow-up is necessary to establish thecontrolling for GFR, which suggests that there are also

other determining factors, for example, alteration in tu- final outcome.
bular function in consequence of NE.
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