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Arnis Abolins, Genadijs Trofimovics, Janis Gardovskis
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Summary

Introduction. Colorectal cancer is important medical problem due to frequent occurrence and serious prognosis. Recent advances
help to understand the role of heredity of colorectal carcinogenesis with possible implications for prevention.

Aim of the Study. Is to characterise hereditary colorectal cancer by population screening in order to evaluate the needs and
possibilities of prevention.

Materials and methods. Population screening was performed in Valka district, evaluating the family cancer history by questionnaire.
Hereditary colorectal cancer syndromes were diagnosed by internationally accepted clinical criteria.

Results. The following population frequencies were identified: hereditary non—polyposis colorectal cancer (HNPCC), 0.059%
(95% Cl = 0.033-0.106%); suspected HNPCC and familial colorectal cancer, 0.107% (95% CI = 0.069-0.166%). The cancer
burden among blood relatives of the affected families ranged 15.5-30.1%. The mean age of colorectal cancer diagnostics was
53.7-72.0 years. The probands were mostly oncologically healthy and up to 81.8% — below 50 years of age.

Conclusions. The population frequencies of hereditary colorectal cancer syndromes correspond to significant number of cases. The
high cancer burden among blood relatives of the affected families necessitates surveillance, and the age structure and health status

of probands is well-suited for this.

Key words: colorectal cancer, hereditary non—polyposis colorectal cancer, population screening.

INTRODUCTION

The high incidence and mortality of colorectal cancer
define this malignancy as an important medical problem
(3). The role of heredity in the development of colorectal
cancer is well-described (5, 6, 9, 10). Hereditary non—
polyposis colorectal cancer (HNPCC) is considered the
most frequent hereditary cancer syndrome involving
the large bowel (4). HNPCC is well-substantiated in the
international medical literature devoted to its diagnostic
criteria, molecular basis, risk evaluation and possibilities
of intervention (4, 8, 10). It has also been studied in
Latvian population on hospital patient basis (5).

AIM OF THE STUDY

The aim of the present study is to characterise the
hereditary colorectal cancer syndromes in Latvia by
population screening approach.

MATERIALS AND METHODS

The population screening for hereditary cancer was
performed in the Valka district. In collaboration with
22 family physicians, 18642 family cancer histories
were collected from adult inhabitants of Valka district
representing 76.6% of the population. No recruitment
restrictions were applied for upper age level, gender,
ethnicity or health status. Written informed consent
was obtained from all patients. All patients filled in the
questionnaire reporting the presence and localisation
of malignant tumours in blood relatives as well as the
age of patient at the time of tumour diagnosis. If the
patient has died because of the tumour the death age

was ascertained as well. Additional questions were
asked about the treatment modalities (e.g. radiation
therapy and chemotherapy, extent of operation) of
affected persons in order to verity the presence of
malignant tumour and to specify its location. The filled
forms of family cancer history were analysed in the
Hereditary Cancer Institute. HNPCC was diagnosed
by Amsterdam Criteria II (4) but suspected, if at least
2 first degree relatives had HNPCC-associated cancer
(colorectal, endometrial, small bowel, ureteric, renal
pelvis) and at least one cancer was diagnosed before
age 50. Familial colorectal cancer, variety 1 (FCC1) was
diagnosed if colorectal cancer has been present in at
least 2 first degree relatives after the age of 50. Familial
colorectal cancer, variety 2 (FCC2) was diagnosed if
colorectal cancer has been present in at least 2 second
degree relatives at any age. The following approach to
analysis was undertaken. The population frequency was
calculated as the ratio between the number of diagnosed
cases and the studied group. In order to characterise the
course of malignant tumour, the data about the age of
tumour diagnostics, age of tumour-related death and
survival of the affected persons were retrieved from the
questionnaires. The cancer burden was calculated as the
ratio between affected persons and the whole number
of blood relatives in the affected blood line. Descriptive
statistical analysis using CIA software (1) was performed
involving 95% confidence interval (CI) analysis.
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RESULTS

During the population screening, 51 probands were
diagnosed with hereditary colorectal cancer syndromes,
including 11 cases of HNPCC syndrome (Figure 1), 20 —
suspected HNPCC (sHNPCC) syndrome, 15 — FCC1 and
5 — FCC2 syndrome. The corresponding population
frequencies were following: HNPCC, 0.059% (95% CI =
0.033-0.106%); sHNPCC and FCC, 0.107% (95% CI =
0.069-0.166%) each. No cases of familial adenomatous
polyposis were revealed. The characteristics of the
probands are provided in Table 1. The age distribution
(Figure 2) of probands suggests elimination of HNPCC
probands with advancing age. In contrast, the chance to
be diagnosed with FCC increases with age.

In order to evaluate the cancer burden and course, data
about presence and location of HNPCC-related tumours
were retrieved. There were 23 cases of colorectal cancer
and 19 cases of endometrial cancer in HNPCC pedigrees
as well as single cases of cancer in the small intestine
and renal pelvis, respectively. Endometrial cancer was
the dominant manifestation of the hereditary cancer
syndrome in some pedigrees (Figure 3). In sHNPCC
kindreds, 28 colorectal and 13 endometrial cancers were
the only HNPCC-related cancers. In FCC families, 41
cases of colorectal cancer were identified. The burden
of index cancers was generally high (Table 2). The mean
age of cancer diagnostics and age of cancer related death
is shown in the Table 3. Notably, in most groups except
endometrial cancer in HNPCC, the mean age exceeds
50 years. In HNPCC, endometrial cancer is diagnosed
statistically significantly earlier than colorectal cancer.
The higher mean age of colorectal cancer diagnostics in
FCC is related to the diagnostic criteria. The course of
the malignant tumours within hereditary and familial
colorectal cancer syndromes is presented in the Table 4.
The following evidence of genetic anticipation was
found in HNPCC and sHNPCC kindreds. The mean age
of cancer diagnostics in the oldest affected generation
was 61.4 years (95% CI for the mean (CIM) = 56.4-66.4
years) but in the next generation — 49.8 years (95%
CIM = 44.9-54.7 years).

In HNPCC pedigrees, 3/11 (27.3%; 95% CI1=9.7-56.6%)
families reported presence of cancers, not included in
the diagnostic criteria (i.e., colorectal, endometrial,
small intestinal and renal pelvis cancer). Single cases of
brain tumour (0.7%; 95% CI=0.1-0.3%), breast cancer,
lung cancer and head-and-neck cancer were reported.
In 1 case, proband reported malignancy located in the
abdominal cavity but not further specified. In suspected
HNPCC, 22 additional cancers were present in 14/20
(41.2%; 95% CI = 26.3-57.8%) pedigrees. These
included 4 cases of breast cancer (3.0% of female blood
relatives; 95% CI=1.2-7.4%), 4 cases of prostate cancer
(3.1% of male blood relatives; 95% CI = 1.2-7.6%), 2
cases of lung cancer (0.8%; 95% CI=0.2-2.7%), 2 cases
of pancreatic cancer, 2 cases of brain tumours as well
as isolated cases of head—and-neck cancer (0.4%; 95%
Cl=

0.1-2.1%), urinary bladder cancer, melanoma, Wilms
tumour, gastric cancer, renal cancer, cancer of the vulva

(0.7% of female blood relatives; 0.1-4.1%) and ovarian
cancer. In FCC, 14 additional tumours were present in
10/20 (33.3%; 95% CI = 19.2-51.2%) families. There
were 3 cases of sarcoma (1.2%; 95% CI = 0.4-3.6%),
2 cases of gastric cancer (0.8%; 95% CI = 0.2-3.0%), 2
cases of prostate cancer, 2 cases of brain tumours (both
in the same kindred), as well as single cases of lung
cancer (0.4%; 95% CI = 0.1-2.3%), haematological
malignancy, breast cancer. In 2 cases, the location of
cancer was unknown to the proband.

DISCUSSION

During the Valka district population screening, both
HNPCC families and pedigrees affected by other
hereditary colorectal cancer syndromes were identified.
The population frequencies of these syndromes were
determined. In a hypothetic population of 2 294 590
persons that equals in size the population of Latvia
in 2006 (Data bases of the Central Statistics Board,
accessed 09.11.2009) but would be identical to Valka
population in the age structure, gender and national
composition, these frequencies would correspond to
1377 (interval, based on the 95% CI of the relative
value, 688-2295) persons diagnosed with HNPCC
syndrome and 5048 (interval, based on the 95% CI of
the relative value, 3671-6654) persons diagnosed with
suspected hereditary colorectal cancer syndromes. The
population estimates providing the approximation of
probands that might benetit from surveillance have not
been described previously.

In order to estimate the magnitude of cancer risk in
these pedigrees, the colorectal and endometrial cancer
burden among blood relatives in the atfected branch was
analysed. In all syndromes, colorectal cancer burden
exceeds significantly the described cumulative incidence
(0=74 years) of colorectal cancer in EU that constitutes
4.53% in males and 2.70% in females (3). Although
there is a trend towards higher frequency of colorectal
cancer in HNPCC and FCC syndromes in comparison
with sHNPCC, the difference is not statistically
significant. Two important conclusions can be inferred
from these data — the high frequency of colorectal
cancer prompts prophylactic follow—up of persons
belonging to the affected blood line. The surveillance
for colorectal cancer should be equally intense for all
the mentioned syndromes as the colorectal cancer
frequency shows no statistically significant differences
among the syndromes. The colorectal cancer burden
in the evaluated families is lower than the described
80% lifetime risk in mutation carriers (8) as we had no
possibility to exclude non-carriers by clinical means.
However, parameter that can be evaluated on clinical
basis is easy and cheap for general medical use, and can
give insight in the importance of the problem.
Probands’ age structure revealed that significant
proportion of probands diagnosed with hereditary cancer
syndromes is younger than 50 years of age. In addition,
the younger age is more frequent in proband diagnosed
with HNPCC and thus subjected to higher cancer risk.
Thus, the age structure of probands is well-suited for



timely initiation of surveillance. The age distribution of
probands suggests elimination of HNPCC probands with
advancing age. In contrast, the chance to be diagnosed
with FCC increases with age as the older relatives enter
the risk group. The probands mostly were oncologically
healthy themselves — a finding that also suggests the
possibility to reveal the persons at risk timely.

The mean age of colorectal cancer diagnostics (59.3
(95% CI = 53.8-64.8) years in HNPCC, 55.2 (95%
CI = 49.1-61.3) years in sHNPCC) was slightly larger
than the published result of 44 years (8). However,
relatively young persons at the economically active age
are affected. Once the person is affected by hereditary
colorectal cancer, the prognosis is serious as reflected
by low survival. The death also occurs prematurely: at
the mean age of 61.5 (95% CI = 52.9-70.0) years in
HNPCC, 56.7 (95% CI = 49.9-63.5) years in suspected
HNPCC and 58.7 (95% CI = 53.6-63.8) years in the
whole group of definitive and suspected HNPCC.
Occasionally, colorectal cancer has caused death of the
patients as early as 28 years of age. This early occurrence
corresponds to the literature data about HNPCC (7)
including even description of colorectal cancer in 19
years old patient. This also emphasizes the need to
identify the persons at risk properly and to provide
adequate follow—up possibilities. Onset of hereditary
colorectal cancer after the age of 50 is also well-known
phenomenon that is described even in known mutation
carriers (7). Thus, surveillance measures in risk persons
should not be cancelled at this age as both the obtained
data and literature publications suggest permanent
cancer risk.

The age of colorectal cancer diagnostics in FCC families
was higher (mean, 72.0 years; 95% CI = 67.3-76.7
years) as predicted by the diagnostic criteria. However,
the frequency of colorectal cancer among blood relatives
in these pedigrees was not lower.

The frequency of endometrial cancer among females
was significant: 22.4% (95% CI = 14.8-32.3%) among
female blood relatives in HNPCC families and 9.6%
(95% CI = 5.7-15.8%) in sHNPCC families. It exceeds
the cumulative incidence (0-74 years) in the EU
estimated as 1.5% (3). There is a trend towards lower
endometrial cancer risk in SHNPCC families. Although
the difference is not statistically significant, further
studies in larger group would be necessary to gain more
information in larger group.

The endometrial cancer was diagnosed at the mean age
48.4 (95% CI = 43.4-53.4) years in HNPCC families,
50.5 (95% CI=43.0-58.0) years in the sHNPCC families
and 49.4 (95% CI = 45.1-53.7) years in the whole
group of definitive and suspected HNPCC. The youngest
case was diagnosed with the endometrial cancer at the
age of 27 years. Thus, again, females were affected by
endometrial cancer at the economically active age. The
affected women mostly were alive at the time when
population screening was carried out: 17/19 (89.5%;
95% CI = 68.6-97.1%) in HNPCC, 7/13 (53.8%; 95%
CI=29.1-76.8%) in suspected HNPCC and 24/32 (75%;
95% CI = 57.9-86.7%) in the whole group of definitive

ACTA CHIRURGICA LATVIENSIS » 2010 (10/2)

and suspected HNPCC. The proportion of living persons
in the groups of colorectal and endometrial cancer
groups was significantly different. Thus, the prognosis
is probably better than in case of colorectal cancer;
however, the high frequency suggests the need for
surveillance. The beneficial prognosis of endometrial
cancer in the setting of HNPCC is in agreement with the
published data (2,12).

Although cancers in locations other than colorectal,
endometrial, small intestinal and renal pelvis were
noted, the frequency was low and no dominant location
was observed. Among unusual findings, 2 cases of
childhood CNS tumours in a single FCC pedigree
and several sarcomas in different FCC families were
recorded.

We have shown previously (11) that the population
screening has shown higher yield of definitive hereditary
colorectal cancer syndrome diagnostics than evaluation
of hospital patients treated for cancer (the approach
further designated in short as hospital screening).
The vyield of suspected hereditary colorectal cancer
syndromes by population screening also has been high
in this comparative aspect. The frequency of definitive
hereditary colorectal cancer in Latvia by hospital
screening data is less than reported from Sweden,
Denmark, Finland, Italy, USA and Israel, where the
incidence of definitive hereditary colorectal cancer by
Amsterdam criteria is 0.5-1.5% of all newly diagnosed
colorectal cancer cases, and significantly less than the
frequency 3.2% of hereditary colorectal cancers among
all colorectal cancers in German population but is
close to the frequency of 0.3% in the United Kingdom
(5). Thus, hospital screening yields lower number of
definitive colorectal cancer than in other Western type
societies. Hypothetically, lower frequency of definitive
hereditary colorectal cancer in any particular country
can be explained by ethnic differences as well as by
frequency of factors causing sporadic colorectal cancer.
Alternatively, it may be hypothesised that the trend
towards higher frequency of hereditary colorectal cancer
as revealed by population screening is more in line with
other European data and thus can be considered true.

CONCLUSIONS

1. Blood relatives of the HNPCC, sHNPCC and FCC
pedigrees are subjected to increased cancer risk that
can be approximated by the clinical evaluation of
cancer family history at low cost.

2. The course of cancer is unfavourable; considering
the two {frequent locations, colorectal cancer
has worse prognosis than endometrial cancer.
In order to prevent cancer development and to
prevent the economic loss caused by death or by
durable disability of economically active persons,
surveillance should be offered in order to start
active treatment at precancerous conditions or the
cancer at early stage.

3. The age structure and health status of probands is
well-suited for surveillance and/or prophylaxis.

4. Population screening discloses more patients at risk
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and also brings more information about the real
burden of hereditary colorectal cancer in Latvia
despite the fact that population screening faces the
same problems as the hospital screening in Latvia —
incomplete medical information about malignant
tumours in previous generations due to several
historical reasons.

Conflict of interest: None
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Table 1. Characteristics of the probands diagnosed with hereditary or familial colorectal cancer syndromes

ACTA CHIRURGICA LATVIENSIS » 2010 (10/2)

Syndrome < 50 years: Females: Males: Oncologically Cancer
E% [95% CI] E% [95% CI] E % [95% CI] healthy: location
E% [95% CI]
HNPCC 81.8 [52.3-94.9] 70.0 [39.7-89.2] 30.0 [10.8-60.3] 81.8 [52.3-94.9] 2 CRC
SHNPCC 45.0 [25.8-65.8] | 90.0 [69.9-97.2] 10.0 [2.8-30.1] 90.0 [69.9-97.2] CRC, Br
FCC 27.8 [12.5-50.9] | 89.5 [68.6-97.1] 10.5 [2.9-31.4] 95.0 [76.4-99.1] CRC

Abbreviations in the Table: F, frequency; CI, confidence interval; HNPCC, hereditary non—polyposis colorectal
cancer; SHNPCC, suspected hereditary non—polyposis colorectal cancer; FCC, familial colorectal cancer; CRC,
colorectal cancer; Br, breast cancer

Table 2. Comparison of different hereditary and familial colorectal cancer syndromes by frequency of
index cancers in blood relatives of the affected pedigrees

Syndrome Tumour location Frequency, % 95% CI, %
HNPCC Index cancers 30.1 23.3-38.0
Colorectal cancer 15.8 10.7 - 22.5
Endometrial cancer! 22.4! 14.8 — 32.3!
sHNPCC Index cancers 15.5 11.6 —20.3
Colorectal cancer 10.6 7.4 -14.8
Endometrial cancer! 9.6 5.7 -15.8!
FCC Colorectal cancer 17.0 12.8-22.3
'in female

Abbreviations in the Table: CI, confidence interval; HNPCC, hereditary non—polyposis colorectal cancer; sHNPCC,
suspected hereditary non—polyposis colorectal cancer; FCC, familial colorectal cancer

Table 3. Comparison of hereditary and familial colorectal cancer syndromes by age of tumour manifestation

Syndrome Age of diagnosis Age of death
Interval Mean (95% CIM) Interval Mean (95% CIM)
HNPCC 30 -77 54.2 (50.2 — 58.2) 28 — 89 61.7 (54.2 — 69.2)
CRC 36 - 77 59.3 (53.8 — 64.8) 28 - 89 61.5 (52.9 -70.0)

Ut 30 - 65 48.4 (43.4-53.4) 37 -72 NA

SHNPCC 27-82 53.7 (49.1 - 58.3) 28 - 88 55.5 (49.5 — 61.5)
CRC 28 - 82 55.2 (49.1 - 61.3) 32 - 88 56.7 (49.9 — 63.5)
Ut 27 -72 50.5 (43.0 - 58.0) 28-73 51.2 (33.1 - 69.3)
FCC 41 -89 72.0 (67.3 -76.7) 52 -90 76.3 (73.1 —79.5)

Abbreviations in the Table: CIM, confidence interval for the mean; HNPCC, hereditary non—polyposis colorectal
cancer; CRC, colorectal cancer; Ut, endometrial cancer; sHNPCC, suspected hereditary non—polyposis colorectal
cancer; FCC, familial colorectal cancer

Table 4. The course of the malignant tumours within hereditary and familial colorectal cancer syndromes

Syndrome First—year lethality Survival, years (95% Alive
N E % (95% CI) CI) N E % (95% CI)
HNPCC 8/44 18.2 (9.5-32.0) 2.6 (0-5.2) 23/44 52.3 (37.9-66.2)
CRC 6/23 26.1 (12.5-46.5) 1.7 (0.6-2.7) 6/23 26.1 (12.5-46.5)
Ut 1/19 5.3 (0.9-24.6) 8.5 17/19 89.5 (68.6-97.1)
sHNPCC 14/42 25.0 (15.5-37.7) 2.3 (1.1-3.5) 14/42 33.3 (21.0-48.4)
CRC 10/29 34.5 (19.9-52.6) 2.5 (1.2-3.8) 7129 24.1 (12.2-42.1)
Ut 4/13 30.8 (12.7-57.6) 1.5 (0-3.5) 7/13 53.8 (29.1-76.8)
FCC 10/41 24.4 (13.8-39.3) 2.2 (1.3-3.1) 5/41 12.2 (5.3-25.5)

Abbreviations in the Table: N, absolute number; E frequency; CI, confidence interval; HNPCC, hereditary non—
polyposis colorectal cancer; CRC, colorectal cancer; Ut, endometrial cancer; sHNPCC, suspected hereditary non—
polyposis colorectal cancer; FCC, familial colorectal cancer
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Fig. 1. Pedigree corresponding to the diagnostic criteria of hereditary non-polyposis colorectal cancer
syndrome. The pedigree shows also 2 late-onset cases of colorectal cancer in the paternal line that should
be considered separately. Abbreviations in the Figure: CRC, colorectal cancer; Br, breast cancer; Ut,
endometrial cancer; d, dead. The age of cancer diagnostics is shown by number following the diagnosis,
and the age of death is shown by the number, following the abbreviation “d”. The proband is indicated
by an arrow
Age distribution of probands with hereditary colorectal
cancer syndromes
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Fig.2. Age distribution of probands diagnosed with hereditary colorectal cancer syndromes. Abbreviations
in the Figure: HNPCC, hereditary non-polyposis colorectal cancer; sHNPCC, suspected hereditary non-
polyposis colorectal cancer; FCC1, familial colorectal cancer, variety 1; FCC2, familial colorectal cancer,
variety 2
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Fig. 3. Hereditary non-polyposis colorectal cancer kindred with predominance of endometrial cancer.
Abbreviations in the Figure: CRC, colorectal cancer; Ut, endometrial cancer; d, dead. The age of cancer
diagnostics is shown by number following the diagnosis, and the age of death is shown by the number,
following the abbreviation “d”. The proband is indicated by an arrow
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Summary

Introduction. The concept of hereditary cancer is one of the most important achievements in modern oncology. It has major
scientific implications as well as high practical value in surveillance, prevention and adjustment of treatment for hereditary and
familial malignancies. Identification of the persons—at-risk allows recommending a follow—up schedule for timely diagnostics of the
corresponding cancers.

Aim of the Study is to evaluate the need for hereditary cancer surveillance program in Latvia and to adjust the surveillance schedule
by population screening data.

Materials and methods. The study was performed as population screening in the Valka district, evaluating the family cancer history
of 18642 respondents. Hereditary cancers were diagnosed by internationally accepted clinical criteria. Descriptive statistical analysis
was carried out by CIA software.

Results. There were 885 persons, fulfilling the clinical diagnostic criteria of hereditary and familial cancer syndromes. The full
spectrum of hereditary malignancies was identified thus indirectly characterising the familial background of oncological diseases in
the local population. The cancer burden among blood relatives was high for all syndromes, exceeding 8.6%. The mean age of cancer
diagnostics was significantly different among the syndromes, ranging 38.0-72.0 years.

Conclusions. The presence of familial background in all most frequent cancer locations and the high cancer burden in the affected
kindreds justify the need for familial cancer surveillance. The data about the age of cancer manifestation can be used to adjust the

follow—up schedule for most syndromes. Specific recommendations are elaborated and described in the article.
Key words: hereditary cancer, population screening, cancer surveillance.

INTRODUCTION

At present, it is considered that 5-10% of tumours might
have hereditary basis — an inherited gene mutation that
significantly increase the risk of cancer (12). Hereditary
cancers frequently arise early in life (6). In order to
prevent hereditary cancer or at least to diagnose it
early, follow—up programs could be offered to persons
subjected to increased hereditary cancer risk.

AIM OF THE STUDY

To evaluate the need for hereditary cancer surveillance
program in Latvia and to adjust the surveillance schedule
by population screening data.

MATERIALS AND METHODS

The investigation was designed as population screening
for hereditary cancer within the frames of the project
“The development of hereditary cancer prophylaxis
in Estonia and Latvia” co-financed by European
Union Interreg IIIB Neighbourhood programme. The
population screening was carried out in the Valka
district. There were 18642 respondents in the study
(76.6% of the Valka district adult population). Adult

persons voluntarily filled out questionnaire concerning
family cancer history. No recruitment restrictions were
applied for upper age level, gender, ethnicity, presence
or absence of cancer, cancer stage and other diagnoses.
The participants of the study were asked if his /
her relatives (father, mother, grandparents, siblings,
children, grandchildren, aunts, uncles and other blood
relatives) have had any tumour. If any positive answers
were given the participants were asked about the
localisation of the tumour. The data about the age of
patient at the time of tumour diagnosis were obtained.
If the patient has died because of the tumour the death
age was ascertained as well. Additional questions were
asked about the treatment modalities (e.g. radiation
therapy and chemotherapy, extent of operation) of
affected persons in order to verify the presence of
malignant tumour and to specify its location.

The analysis was performed in the Hereditary Cancer
Institute. Cases corresponding to the international
diagnostic criteria of any hereditary cancer syndrome
(Table 1) were identified and invited for additional
medical consultation.
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Table 1. The applied diagnostic criteria of hereditary cancer

Hereditary syndrome

Diagnostic criteria

Definitive hereditary non—
polyposis colorectal cancer
(HNPCC)

Amsterdam II criteria:

e At least 3 relatives affected by HNPCC associated cancer (colorectal,
endometrial, small bowel, ureteric, renal pelvis); at least one should be first—
degree relative of the other two AND

e At least two successive generations should be affected AND

e At least one cancer should be diagnosed before age 50 AND

e Familial adenomatous polyposis (FAP) should be excluded

Suspected HNPCC (sHNPCC)

At least 2 first degree relatives with HNPCC associated cancer (colorectal,
endometrial, small bowel, ureteric, renal pelvis) AND at least one cancer is
diagnosed before age 50

Familial colorectal cancer, variety
1 (FCC1)

Colorectal cancer in at least 2 first degree relatives after the age of 50. HNPCC
and FAP should be excluded

Familial colorectal cancer, variety
2 (FCC2)

Colorectal cancer in at least 2 second degree relatives at any age. HNPCC and
FAP should be excluded

Hereditary breast cancer (HBC)

At least 3 breast cancer patients in family at any age AND one of those patients
is first degree relative to other two or second degree relative through male

Suspected HBC, variety 1 (sHBC1)

At least one of the following criteria: 1) Breast cancer diagnosed under the age
of 40; 2) Medullary or atypical medullary breast cancer; 3) Male breast cancer;
4) Bilateral breast cancer, one of them diagnosed under the age of 50.

Suspected HBC, variety 2 (SHBC2)

Two breast cancers among first degree relatives (or second through male) at
any age

Hereditary ovarian cancer (HOC)

At least 3 ovarian cancer cases in family at any age AND one of those patients
is first degree relative to other two or second degree relative through male

Suspected HOC (sHOC)

Two ovarian cancer cases among first degree relatives

Hereditary breast/ovarian cancer
(HBOC)

At least 3 breast/ovarian cancer patients in family at any age AND one of those
patients is first degree relative to other two or second degree relative through
male

Suspected HBOC, variety 1
(sHBOC1)

Breast and ovarian cancer in the same individual at any age

Suspected HBOC, variety 2
(sHBOC2)

Two breast or ovarian cancers among first degree relatives (or second through
male) at any age

Hereditary endometrial cancer
(HEC)

At least 3 first degree relatives with endometrial cancer and at least one of
them diagnosed before age of 50

Suspected HEC (sHEC)

Two first degree relatives with endometrial cancer and at least one of them
diagnosed before age of 50

Familial endometrial cancer (FEC)

At least 3 first degree relatives with endometrial cancer at any age

Suspected FEC, variety 1 (sFEC1)

At least 2 first degree relatives with endometrial cancer at any age

Suspected FEC, variety 2 (sFEC2)

At least 2 second degree relatives with endometrial cancer at any age

Familial lung cancer (FLC)

At least 3 first degree relatives with lung cancer at any age

Suspected FLC (sFLC)

Two first degree relatives with lung cancer at any age

Hereditary stomach cancer (HSC)

At least 3 first degree relatives with stomach cancer at any age

Suspected HSC (sHSC)

Two first degree relatives with stomach cancer at any age

Hereditary prostate cancer (HPC)

At least 3 blood relatives with prostate cancer at any age OR
2 blood relatives with prostate cancer diagnosed before age of 55 in both of
them

Suspected HPC (sHPC)

Two blood relatives with prostate cancer at any age OR
Case of prostate cancer diagnosed before age of 55

Familial brain tumour (FBtT)

At least 3 first degree relatives with brain tumour at any age

Suspected FBtT (sFBtT)

Two first degree relatives with brain tumour at any age
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Familial haematological tumours
(FHemT) age

At least 3 first degree relatives with malignant haematological tumour at any

Suspected FHemT (sFHemT)

Two first degree relatives with malignant haematological tumour at any age

Familial pancreatic tumour (FPan)
age

At least 2 first—degree relatives with pancreatic tumour or melanoma at any

Familial cancer of urinary bladder
(FBlaC)

At least 3 first degree relatives with urinary bladder cancer at any age

Suspected FBlaC (sFBlaC)

Two first degree relatives with urinary bladder cancer at any age

The diagnosis was updated according to additional data
presented by participants. Additional data obtained
during consultations were applied in order to identify
inter-related families. In this way, the possibility to
include any person repeatedly in the analysis due to
several kindred relationships was eliminated. Written
preventive recommendations were given as well.

The following approach to analysis was undertaken.
After the respective cases were diagnosed by clinical
hereditary/ familial cancer syndrome, the population
frequency was calculated as the ratio between the
number of diagnosed cases and the studied group. In
order to characterise the course of malignant tumour,
the data about the age of tumour diagnostics and age
of tumour-related death were retrieved from the
questionnaires and subjected to descriptive statistical
analysis using CIA software (1). The cancer burden was
calculated in a descriptive approach as the ratio between
affected persons and the whole number of blood relatives
in the affected blood line. The estimates were performed
for all hereditary and familial cancer syndromes. In
cases when the diagnosis was substantiated on peculiar
characteristics of a single case in accordance with the
criteria provided in Table 1, the number of relatives was
counted in the whole kindred.

The project was accepted by the Central Committee of
Medical Ethics. Written informed consent was obtained
from all participants.

RESULTS

Analysing 18642 family cancer histories, 885 persons
fulfilled the clinical diagnostic criteria of hereditary
cancer syndromes. The syndromes were characterised
by the population frequency, the index cancer burden
in blood relatives, age of tumour diagnostics and age
of tumour-related death as shown in Table 2. The
population frequency of individual syndromes ranged
0.005 — 0.628%. The most common cancers as breast,
lung, colorectal and gastric cancer were characterised also
by the highest population frequencies of the respective
hereditary cancer syndromes, reaching 1.181% for
breast-involving syndromes, 0.569% for familial lung
cancer, 0.510% for hereditary and familial gastric cancer
and 0.273 % for colorectal cancer-involving syndromes.
The index cancer burden was generally high invariably
exceeding 8.6% (in sHBC1) and reaching high values
in common syndromes: 30.1% in HNPCC, 25.5% in
familial lung cancer and 25.2% in hereditary stomach
cancer. In combination with the mostly close values
of the age of cancer diagnostics and age of tumour—
related death, the high cancer burden confirmed the
significance of the problem. The cancer burden was also
evidently greater than the cumulative incidence of the
respective tumours in EU population (2). The frequency
of non-index cancers in the identified pedigrees also
was analysed. In contrast to the index cancer burden,
the frequency of breast, ovarian cancer or brain tumours
in HNPCC pedigrees did not exceed the cumulative
incidence in EU (2). The brain tumour burden was
0.7%; (95% CI = 0.1-0.3%) in HNPCC and 0.8% (95%
CI = 0.2-2.7%) in sHNPCC. No ovarian cancer cases
were reported in HNPCC, but in sHNPCC the ovarian
cancer burden in female blood relatives was 0.7% (0.1-
4.1%). The breast cancer burden in females was 1.2%
(95% CI = 0.2-6.4%) in HNPCC and 3.0% (95% CI =
1.2-7.4%) in sHNPCC.
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Table 2. Characteristics of hereditary and familial cancer syndromes in local population

Syndrome PF Cancer burden, % Age of diagnosis, years Age of death, years
F 95% CI Inter Mean (95% CIM) | Interval Mean (95% CIM)
val
HBC 0.011 40.0! 19.8-64.3! 40-55 47.5 (37.1-57.8) 50-60 54.7 (50.0-59.4)
sHBC1 0.628 86 7.2—-10.2 20-70 38.0 (36.2-39.7) 26-78 44.7 (41.7-47.7)
sHBC1 0.628 16.3! 13.8-19.1! 20-70 38.0 (36.2-39.7) 26-78 44.7 (41.7-47.7)
sHBC2 0.343 31.8! 27.5-36.4! 25-82 51.8 (48.9-54.6) 25-66 60.9 (56.7-65.1)
HBOC 0.011 60.0' 31.3-83.2! 34-82 61.0 (46.9-75.0) 58-85 71.4 (54.9-87.9)
sHBOC1 0.032 19.3! 9.2-36.3! 40-60 48.8 (44.2-53.3) 47-69 54.3 (42.3-66.3)
sHBOC2 0.156 30.8! 25.0-37.3! 18-86 56.6 (51.8-61.4) 23-87 66.1 (61.2-71.0)
HOC 0.005 33.3! 12.1-64.6" 34-70 49.7 (4.0-95.4) 72 72
sHOC 0.021 36.4! 19.7-57.0! 45-70 54.2 (46.4-61.9) 47-72 57.2 (50.1-64.3)
HNPCC 0.059 30.1 23.3-38.0 30-77 54.2 (50.2-58.2) 28-89 61.7 (54.2-69.2)
CRC 15.8 10.7-22.5 36-77 59.3 (53.8-64.8) 28-89 61.5 (52.9-70.0)
Ut 22.4! 14.8-32.3! 30-65 48.4 (43.4-53.4) 37-72 NA
sHNPCC 0.107 15.5 11.6-20.3 27-82 53.7 (49.1-58.3) 28-88 55.5 (49.5-61.5)
CRC 10.6 7.4-14.8 28-82 55.2 (49.1-61.3) 32-88 56.7 (49.9-63.5)
Ut 9.6 5.7-15.8! 27-72 50.5 (43.0-58.0) 28-73 51.2 (33.1-69.3)
FCC 0.107 17.0 12.8-22.3 41-89 72.0 (67.3-76.7) 52-90 76.3 (73.1-79.5)
HEC 0.027 41.5! 27.8-56.6" 40-75 52.1 (47.2-57.0) 44-76 57.7 (49.6-65.8)
sHEC 0.139 32.2! 25.7-39.4! 30-81 48.5 (44.4-52.6) 35-87 58.7 (53.6-63.8)
FEC/ sFEC1 | 0.139 30.0! 23.8-37.1! 52-90 66.2 (63.5-69.9) 54-91 72.4 (69.4-75.4)
SFEC2 0.048 32.4! 22.4-44.2! 26-82 57.6 (49.9-65.3) 26-83 63.3 (54.7-71.9)
FLC d/s 0.569 18.4 16.4-20.7 18-90 57.9 (55.9-59.9) 13-90 61.2 (58.5-62.1)
FLC 0.070 25.5 19.3-32.8 35-78 56.0 (53.0-59.0) 36-79 57.1 (54.1-60.1)
SFLC 0.499 17.2 15.0-19.7 18-90 58.5 (56.1-60.9) 13-90 61.2 (59.1-63.3)
HSC 0.113 25.2 20.6-30.4 30-83 56.9 (53.4-66.3) 30-90 58.3 (55.3-61.3)
sHSC 0.397 16.0 13.8-18.5 34-95 62.5 (60.1-64.8) 37-96 65.6 (63.4-67.6)
HPC d/s. 0.118 22.22 16.5-29.0? 35-75 57.7 (53.3-62.1) 37-80 60.7 (55.0-66.4)
HPC 0.005 21.4% 7.6-47.6> 70-74 72.0 (67.0-76.9) 76 NA
sHPC 0.113 22.22 16.4-29.42 35-75 56.8 (52.8-60.8) 59.7 54.6—64.8
FBlaC 0.064 22.8 14.9-33.2 60-87 70.7 (66.7-74.7) 65-92 75.7 (71.6-79.8)
FHemT 0.091 16.3 12.1-21.2 3— 88 47.5 (38.9-56.1) 4-86 49.8 (40.5-59.1)
FPan 0.054 14.7 9.1-22.9 51-72 61.6 (57.3-65.9) 51-83 63.4 (58.2-68.6)
FBtT d/s. 0.102 16.5 12.5-21.5 2-77 43.9 (35.0-52.8) 2-77 47.8 (39.7-55.9)
FB(T 0.016 32.3 18.6—49.9 59-60 59.7 (58.2-61.2) 50-65 59.7 (54.3-65.1)
SFBtT 0.086 14.4 10.4-19.5 2-77 41.8 (32.0-51.5) 2-77 45.2 (35.9-54.5)
in female
2 in male

Abbreviations in the Table: PF, population frequency; F, frequency; CI, confidence interval; CIM, confidence interval
for the mean; HBC, hereditary breast cancer; sHBC1, suspected hereditary breast cancer, variety 1; sHBC2, suspected
hereditary breast cancer, variety 2; HBOC, hereditary breast ovarian cancer; sHBOC1, suspected hereditary breast
ovarian cancer, variety 1; sHBOC2, suspected hereditary breast ovarian cancer, variety 2; HOC, hereditary ovarian
cancer; sHOC, suspected hereditary ovarian cancer; HNPCC, hereditary non—polyposis colorectal cancer; CRC,
colorectal cancer; Ut, endometrial cancer; NA, not applicable; sSHNPCC, suspected hereditary non—polyposis colorectal
cancer; FCC, familial colorectal cancer; HEC, hereditary endometrial cancer; SHEC, suspected hereditary endometrial
cancer; FEC, familial endometrial cancer; sFEC1, suspected familial endometrial cancer, variety 1; SFEC2, suspected
familial endometrial cancer, variety 2; FLC, familial lung cancer; d/s, definitive and suspected; sFLC, suspected
familial lung cancer; HSC, hereditary stomach cancer; sHSC, suspected hereditary stomach cancer; HPC, hereditary
prostate cancer; sHPC, suspected hereditary prostate cancer; FBlaC, familial cancer of urinary bladder; FHemT,
familial haematological tumours; FPan, familial pancreatic cancer; FBtT, familial brain tumour; sFBtT, suspected

familial brain tumour
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DISCUSSION

The Valka district population screening has confirmed
the presence of hereditary or familial background in
all major cancer localisations. The high cancer burden
among blood relatives justifies the need for surveillance
in the families—at-risk.

Hereditary breast-ovarian cancer is the most common
hereditary cancer syndrome in Valka population. In all
hereditary breast-ovarian cancer syndromes the index
cancer burden among female blood relatives exceeds
the respective cumulative frequencies in EU females
(2) indicating the need for the surveillance. Although
the cancer burden is different in various syndromes,
e.g. sHBC1 and sHBC2, it does not characterize the
biological properties of cancer, such as growth rate,
therefore intensity of follow—up cannot be lowered in
syndromes characterised by lower frequency of affected
female blood relatives.

According to the literature, annual mammography
remains the gold standard of follow—up of female, if
her family cancer history corresponds to the criteria
of hereditary breast cancer (5). The surveillance is
recommended from 25-30 years of age (5, 12) and may
include annual breast self-examination (12). Clinical and
ultrasound (US) evaluation of breast twice per year also
is suggested as well as additional fine needle aspiration
or core biopsy if indicated clinically or by US data. In
carriers of the BRCAI1/2 mutations, the main genetic
background of hereditary breast-ovarian cancer, breast
tumours tend to be of high grade and lack calcifications
thus decreasing sensitivity of mammography therefore
magnetic resonance imaging is considered for screening
(6). Surveillance for ovarian cancer includes pelvic US
examination and serum testing for tumour markers, e.
g. CA125, recommended to start from 25 years of age
(5). However, due to lack of recognisable precancerous
changes in the ovaries none of methods have been
shown to detect ovarian cancer in earlier stage than in
symptomatic patients (6).

As revealed by the 95% confidence interval of the
mean (CIM) age of tumour diagnostics, clinical tumour
manifestation in local hereditary breast—ovarian cancer
syndrome patient is expected after 35 years of age. The
follow—up aiming at early, preclinical diagnostics must
be started earlier. According to literature (5, 6, 12) and
results of the present study the following schedule is
recommended — annual breast self-examination, clinical
and US examination twice per year from 25 years as
well as mammography and MRI examination every
year from 25 years age, if clinically hereditary breast—
ovarian cancer syndrome is established. Transvaginal
US examination and serum testing for tumour marker
CA125 can be advised from 35 years of age as the lower
border of 95% CIM for ovary-involving syndromes is
generally higher.

In HNPCC pedigrees, the described life time risk of
colorectal cancer in MMR gene mutation -carriers
reaches 80% (11). HNPCC is characterised by early
age at onset of colorectal cancer (10): the mean age of
diagnosis is approximately 44 years (11). Due to early
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cancer development, the surveillance in HNPCC and
in suspected HNPCC should include colonoscopy every
1-2 years beginning from 20-25 years and annually
after 40 years of age (15).

In Valka HNPCC patients, the mean age of tumour
diagnostics is significantly higher. The data of the present
study might validate the offered recommendation
plan, accounting also for early diagnostics in the few
younger cases. Alternatively, the surveillance might be
started later. In contrast, FCC probands should consider
starting colonoscopy from 35 years of age but in 95%
of cases it can be postponed even until 57 years. Thus,
the possibility of late—onset familial cancer should be
recognised.

According to the literature the risk of extracolonic
tumours in HNPCC, e.g. endometrial cancer and
ovarian cancer, could be high. The surveillance
therefore should include endometrial aspiration or
transvaginal ultrasound, and it is recommended for
females beginning from 25-35 years of age (7, 15).
The endometrial cancer burden among female blood
relatives in the presented study is as high as 22.4%, 95%
CI=14.8-32.3%. Therefore the proposed surveillance
as mentioned above is advised also in the result of the
performed research. The highest above mentioned age
border would be more appropriate starting point.

In agreement with the published data (17) the results of
Valka population screening do not justify surveillance
for breast cancer as a part of HNPCC-related person
follow—up. The risk of ovarian cancer in HNPCC
families is estimated as 6.7-9% by the age of 70 (15,
17). However, the Valka population screening data do
not substantiate surveillance for ovarian cancer as the
frequency is low and does not exceed the cumulative
incidence in EU women (2). Frequency of brain tumours
in HNPCC families has been a matter of dispute (17).
The Valka population screening data reveal frequency
of brain tumours that is very close to the cumulative
risk for brain tumour in EU (2). Taking into account this
finding and the limited possibilities of early treatment,
surveillance for brain tumour cannot be justified.

The cumulative risk of incident endometrial cancer in EU
women is estimated as 1.5 (2). The cancer burden was
significantly higher in all hereditary endometrial cancer
groups, substantiating necessity of surveillance. In the
whole hereditary endometrial cancer syndrome groups
the lowest observed border of the 95% confidence
interval of the mean age was 44.4 years. Starting the
surveillance at the age of 35 would be appropriate in at
least 95% of affected females. However, the youngest
cases were diagnosed at 26 and 30 years of age.
Therefore, it would be possible to consider the beginning
of surveillance at the age of 25 by endometrial aspiration
or transvaginal ultrasound. Prophylactic surgery can be
considered in proved mismatch repair gene mutation
carriers.

For lung cancer, screening benefit has been reported
by some (8) but doubted by other groups (16). The
cumulative risk of incident lung cancer in EU is estimated
as 6.47 and 1.64 in males and females respectively (2).
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The cancer burden was significantly higher both in FLC
and sFLC in the Valka population. The mean age of lung
cancer diagnostics was: in FLC 56.0 (95% CI=53-59)
years, in sFLC 58.5 (95% CI=56.1-60.9) years of age.
However, presence of younger lung cancer cases also
could be revealed in family cancer history. Thus, the
surveillance should be started either at 45 years or 10
years before the younger case of lung cancer in family,
whatever comes first, and should consist of lung X-ray
twice a year. As synergistic influence of smoking and
hereditary factors has been observed (13), cessation of
smoking should be strongly recommended for high risk
persons.

Both HSC and sHSC in Valka district were characterised
by remarkable gastric cancer burden: HSC, 25.2% (95%
CI=20.6-30.4%) and sHSC, 16.0% (95% CI=13.8—
18.5%) exceeding the cumulative risk of stomach cancer
in EU: in females, 0.68 % and in males 1.62% (2).
Therefore, surveillance and /or prevention programme
is strongly indicated. The mean age of cancer diagnostics
was: in HSC 56.9 (95% CI=53.4-66.3) years of age,
in sHSC 62.5 (95% CI=60.1-64.8) years of age that
represents part of the published interval ranging from
16 to 82 years of age (9). Therefore the surveillance
programme should be started either at the age of 45
years or 10 years before the youngest gastric cancer case
in family, whatever comes first.

From the surgical point of view, it is important to
distinguish between hereditary diffuse stomach cancer
(HDSC) and familial intestinal stomach cancer. HDSC is
characterised by tendency to submucosal extension, by
dismal prognosis as well as by marked difficulties in early
endoscopic detection. Hence, prophylactic gastrectomy
in proved mutation carriers can be considered as a gold
standard, 5 years earlier than the youngest age of gastric
tumour diagnosis in the family (4). Therefore E—cadherin
gene (CDHI) evaluation must be offered if the kindred
fulfilled the criteria of hereditary diffuse gastric cancer,
due to described frequency of CDHI gene mutation in
HDSC that ranges 30-50% (4). Taking into account the
possible highnumber of HSC casesin Latvia, the prognosis
and intervention possibilities as well as psychological
and compliance considerations, it would be of utmost
importance to set up the CDHI gene mutation analysis
in combination with subsequent surgical prophylaxis.
The minimal recommendations for the present situation
or families lacking older medical documentation include
clinical evaluation of family history and surveillance
by frequent chromoendoscopy combined with biopsy.
The endoscopy should be performed biannually (3,
4). At least 15 mucosal biopsies must be provided for
histological evaluation (9).

Familial urinary bladder cancer was an example of
late—onset familial cancer, characterised by high cancer
burden (22.8%) in contrast to incident urinary bladder
cancer frequency in EU estimated as 2.82% and 0.52%
(2). Thus, surveillance also is recommended by urine
cytology, beginning from 50 years of age and continuing
annually.
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Once familial pancreatic cancer syndrome is established
there is a choice to undergo surveillance like endoscopic
US, MRI or computed tomography. However, there is
no acceptable screening protocol (18). Prophylactic
pancreatectomy is not recommended in asymptomatic
individuals belonging to familial pancreatic cancer high—
risk families (14) due to insufficient data of efficiency as
well as severe morbidity of offered procedure.

The frequency of affected persons among blood relatives
in the definitive and suspected familial brain tumour
and haematological tumour families is high. However,
in contrast to the previously discussed types of inherited
tumours, no reasonable surveillance program is
available.

CONCLUSIONS

1. The presence of familial background in all most
frequent cancer locations and the high cancer
burden in the affected kindreds justify the need for
familial cancer surveillance. The data about the age
of cancer manifestation can be used to adjust the
follow—up schedule for most syndromes.

2. The follow—up of hereditary breast—ovarian cancer
should include breast self-examination, clinical and
ultrasound examination from 25 years of age twice
per year, mammography and MRI examination
annually from 25 vyears of age, transvaginal
examination and serum testing for tumour marker
CA125 from 35 years of age.

3. n HNPCC/suspected, HNPCC the follow-up should
include colonoscopy every two years from 25 years
of age. Annual colonoscopy is indicated after 35
years of age in HNPCC/suspected HNPCC/FCC1/
FCC2. For females, transvaginal ultrasound from 25
years of age should be included in cases of HNPCC
and in suspected HNPCC. In female matching the
criteria of hereditary and familial endometrial
cancer syndrome it would be reasonable to start
the surveillance programme at the age of 25 by
the transvaginal ultrasound annually. Prophylactic
hysterectomy is recommended to HEC syndrome
patients with proved mismatch repair gene
mutation.

4. 1In familial lung cancer the surveillance should be
started at 45 years of age consisting of X-ray twice
per year.

5. In hereditary stomach cancer syndrome, biannual
chromendoscopy surveillance combined with at
least 15 biopsies is indicated from 45 years of age.
E—cadherin gene (CDHI) evaluation should be set up
as prophylactic gastrectomy can be recommended
to CDHI gene mutation carriers.

6. The surveillance for familial urinary bladder cancer
include urine cytology annually beginning from 50
years of age.

7. No reasonable surveillance schedule can be
recommended for familial pancreatic cancer,
familial brain tumour and familial haematological
malignancies.
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Summary

Introduction. Advanced technologies such as matrix assisted laser desorption/ionization and surface enhanced laser desorption/
ionization mass spectrometry has introduced promising insights into ovarian cancer detection. Several highly sensitive and specific
protein peaks have been identified that discriminates ovarian cancer patients from patients with benign ovarian tumors and controls.
Aim of the Study. Objective of this study is to evaluate diagnostic accuracy each individual marker and combined serum biomarker
assay consisting of apolipoprotein A1, transferrin and Ca125.

Materials and methods. A case—control study consisted of 99 women — 37 patients with ovarian cancer, 31 patients with benign
ovarian diseases, and 31 age—matched healthy controls. Apolipoprotein A1 and transferrin was measured in sera using immunological
turbidimetric assay. Tumor marker CA125 was analyzed by standard enzyme—labeled chemiluminescent immunometric assay. To
compare the difference between variables in the study groups, ANOVA test was performed and for correlation Pearson’s correlation
analysis applied. Sensitivity and specificity of the diagnostic tests was calculated using statistical program Vassarstat.

Results. Serum apolipoprotein A1 and transferrin were down regulated, controversially to Ca125, which was up regulated among
ovarian cancer patients. Negative correlation between transferrin and Ca 125 (p<0.00), apolipoprotein A1 and Ca 125 (p<0.00) and
positive correlation between transferrin and apolipoprotein A1 (p<0.00) was observed. For single biomarker test highest diagnostic
sensitivity and specificity for Ca125 was observed. Addition of apolipoprotein A1 or transferrin to serum level of Ca125 with the
condition, that both have to overlap the threshold (Ca125 > 21U/ml and apolipoprotein A1 <139.1 mg/dl or transferrin < 2.3 g/1), yielded
test specificity of 96.7%. Addition of apolipoprotein A1 to Ca125 improved test sensitivity up to 94.5% maintaining high sensitivity
at the same time 91.1%, respectively, when discriminating controls from ovarian cancer patients. Biomarker test consisting of
apolipoprotein A1, transferrin and Ca125 had high specificity at unacceptable sensitivity.

Conclusions. Combined biomarker tests discovered using advanced technologies can aid more accurate ovarian cancer detection.

Use of apolipoprotein A1 in combination with Ca125 at distinct thresholds can improve ovarian cancer detection.
Key words: apolipoprotein A1, transferrin, ovarian, cancer; screening.

INTRODUCTION

Ovarian cancer is the 5" leading cause of death between
all cancers and most common between gynecological
cancers worldwide. In year 2007-2008 mortality rates
in Latvia were 194 and 200 cases each year with an
incidence of 309 and 280 cases, respectively.

Cancer antigen 125 is the most studied and well
characterized serologic tumor marker for advanced
epithelial ovarian cancers. However, its use as a
population-based screening tool for early detection and
diagnosis of ovarian cancer is limited by its low sensitivity
and specificity, therefore a variety of biomarkers have
been investigated to improve ovarian cancer detection
(9,12,21). Promising results have implemented advanced
technologies such as matrix assisted laser desorption/
ionization and surface enhanced laser desorption/
ionization mass spectrometry. Several protein peaks
have been identified that discriminates ovarian cancer
patients from patients with benign ovarian tumors and
controls. Particular technologies already have been
used to detect other tumors such as prostate cancer,
transitional cell carcinoma of the bladder, and cervical
cancer (1,18,24,25).
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A comprehensive review of these technologies and
clinical applications are described in literature (4, 5,8,
13,17, 26).

Several authors have reported about different expression
of transferrin and apolipoprotein Al in serum among
ovarian cancer patients and healthy controls improving
sensitivity of ovarian cancer diagnostic tests to 74-98%
at specificity of 92-98% (3,16,19,27).

AIM OF THE STUDY

Objective of this study is to evaluate diagnostic
accuracy of each individual marker and combined
serum biomarker assay consisting of apolipoprotein A1,
transferrin and Cal25.

MATERIALS AND METHODS

Ethical approval was taken for this study from the Ethics
Committee of Riga Stradins University. A case—control
study consisted of 99 women — 37 patients with ovarian
cancer in Group A, 31 patients with benign ovarian
diseases in Group B, and 31 age-matched healthy
controls in Group C. Patients were divided into the 2
study groups after surgery according to final histological



diagnosis. In Group B were patients thought to have
had ovarian cancer before the operation. Patients with
severe co-morbidities, previous or coexisting other
malignancy were not included in the study. In the both
study groups tumors arising only from epithelial origin
were included (Table 1).

Table 1. Clinical characteristics and age distribution
of 99 study samples

. . Pathology
Diagnostic| Age | Mean End
group | range | age | Serous | O~ |Mucinous
metroid
Group A | 36-87 | 60.6 35 1 1
Group B | 40-79 | 58.0 19 5 7
Group C | 37-81 | 58.2 — — -

Serum samples from patients were collected into two
Becton and Dickenson 6ml serum vaccutainers in the
early morning of the planned surgery day. Vaccutainers
according to protocol were shaked 6-8 times, left for clot
formation between 60 and 120 minutes and centrifuged
during the interval for 10 minutes at 1300 RPM. After
that serum was aliquoted, divided and transferred into
nine 0.5ml eppendorts for storage at — 80 degrees C. For
the control group women serum samples were taken
after transvaginal ultrasonographic examination and
ensuring of having no gynecological pathology.

In the control group were women chosen who attended
gynecologist in out patient clinic.

Tumor marker CA125 was detected in patient’s serum
by standard enzyme-labeled chemiluminescent immu-—
nometric assay ADVIA Centaur CA125 II™, Multi—
Diluent 1, Bayer, using Siemens analyzer Immulite—
2000 (1,24).

Apolipoprotein Al was measured in sera using
immunological turbidimetric assay manufactured by
Roche Diagnostics (2,16,20,22).

Transferrin was similarly measured in sera using
immunological turbidimetric assay manufactured
by Roche Diagnostics (7,11,23). Upper limit of 95%
confidence interval from control group women was
chosen as a cutoff level for apolipoprotein Al and
transferrin serum concentration.

For ovarian cancer patients a total abdominal
hysterectomy with bilateral salpingoophorectomy and
omentectomy was performed. Some ovarian cancer
patients were subjected for pelvic lymphadenectomy
as a staging or cytoreductive procedure. For
patients with benign gynecological tumors a total
abdominal hysterectomy with or without bilateral
salpingoophorectomy was performed.

To evaluate mean biomarker concentrations in the
groups, descriptive analysis were performed using
statistical program SPSS 17.0. To reflect the standard
deviations for the calculated values standard error of
the mean was used. To compare the difference between
variables in the study groups, ANOVA test was performed
and for correlation Pearson’s correlation analysis
applied. Sensitivity and specificity of the diagnostic tests
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was calculated using statistical program Vassarstat. To
display diagnostic performance of each individual and
combined biomarker test, receivers operating curve was
drawn.

RESULTS

Both patient and control groups were similar according
to the mean age (p=0.59). Level of Cal25 was analyzed
as it is considered as a standard biomarker for ovarian
cancer detection.

Serum apolipoprotein Al and transferrin were down
regulated in Group A, controversially to Cal25, which
was up regulated among ovarian cancer patients (Figure
1)

(a)
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Fig. 1. Distribution of mean serum Cal25 (a),
Apolipoprotein Al (b) and Transferrin (c)
concentrations among study and control groups
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Difference between mean serum concentrations in the
study and control groups were statistically significant,
except transferrin concentrations when compared
between groups B and C (Tables 2, 3).

Table 2. Mean serum concentrations of serum
Transferrin, Apolipoprotein Al and Ca 125 in
study and control groups

Diagnostic | Transferrin, Apolipo Al Ca 125, U/
1 (95% CI) mg/dl ml
group |8/ (95% CI) (95% CI)
627.80 +
Group A | 221008 | 125422675 134.52
(2.0-2.3) [(111.7-139.1)| (353.7 -
901.8)
Group B | 261 +008 | 1423643079 163.70+17.09
(2.4-2.7) | (131 -153.6) |(28.3 — 99.0)
Group ¢ | 252%006 | 1653542674 | 7.37063
(2.4-2.6) [(155.5-175.1)| (6.0 - 8.6)

Table 3. Differences among study and control
groups mean Transferrin, Apolipoprotein A1 and
Ca 125 serum concentrations (p value)

Diagnostic | . 1 cferrin Apolipo Al Ca 125

group

Group A 0.00 0.06 0.00
vs. B

Group B 0.41 0.00 0.00
vs. C

Group C 0.00 0.00 0.00
vs. A

Negative correlation between transferrin and Ca 125
(p<0.00), apolipoprotein Al and Ca 125 (p<0.00)
and positive correlation between transferrin and
apolipoprotein A1 (p<0.00) was observed.

For single biomarker test highest diagnostic sensitivity
and specificity for Cal25 was observed. Addition of
apolipoprotein A1 or transferrin to serum level of
Cal25 with the condition, that both have to overlap
the threshold (Cal25 > 21U/ml and apolipoprotein
Al <139.1 mg/dl or transferrin <2.3 g/l), improved
specificity of the test up to 96.7%. But addition of
apolipoprotein Al or Transferrin to serum level of
Cal25 with the condition, that one of them have to
overlap the threshold, improved test sensitivity up to
94.5% with decrease in specificity to 59.6% — 62.9%.
Further addition of third biomarker yielded prominent
specificity with dramatic decrease in sensitivity (Table
4).
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Table 4. Accuracy of individual and combined
biomarker diagnostic tests evaluated between
Groups A vs. Band C

Biomarkers (threshold) Sensitivity| Specificity
Apolipoprotein Al
I()s1§9.p1 n;g/dl) 75.6% | 70.9%
Transferrin (<2.3 g/l) 72.9% 74.1%
Ca 125 (>21 U/ml) 91.9% 80.6%
Apolipoprotein Al
(<139.1 mg/dl) 72.9% 88.7%
and Ca 125 (>21 U/ml)
Apolipoprotein A1l
(£139.1 mg/dl) 94.5% 62.9%
or Ca 125 (>21 U/ml)
Apolipoprotein Al
(< 139.1 mg/dl) and 64.8% 93.5%
Transferrin (< 2.3 g/l)
Apolipoprotein A1l
(£ 139.1 mg/dl) or 83.7% 51.6%
Transferrin (< 2.3 g/l)
Transferrin (< 2. 1
an(? csaelzs ((>21 %J%I/n)l) 70.2% 96.7%
Transferrin (< 2.3 g/l
or Ca 125 (>(21 U/?nl; 94.5% 59.6%
Apolipo Al (< 139.1 mg/dl),
Transferrin (< 2.3 g/l) 62.1% 100.0%
and Ca 125 (>21 U/ml)

Similarly, the highest sensitivity and specificity was
observed for Cal25 alone when applied to distinguish
cancer patients from healthy controls in groups A and
C. Only addition of apolipoprotein Al improved test
sensitivity up to 94.5% maintaining high sensitivity at
the same time — 91.1% (Table 5). For all other biomarker
combinations sensitivity or specificity was low.

Table 5. Accuracy of individual and combined
biomarker diagnostic tests evaluated between
Groups A and C

Biomarkers (treshold) Sensitivity| Specificity
Apolipoprotein A1l o o
(<139.1 mg/dl) 75.6% 90.3%
Transferrin (<2.3 g/l) 78.3% 70.9%
Ca 125 (>21 U/ml) 91.9% 100.0%
Apolipoprotein A1 (<139.1 mg/dl) o o
and Ca 125 (>21 U/ml) 72.9% | 100.0%
Apolipoprotein Al (<139.1 mg/dl) o o
or Ca 125 (>21 U/ml) 94.5% | 91.1%
Apolipoprotein A1l
(< 139.1 mg/dl) 67.5% | 100.0%
and Transferrin (< 2.3 g/l)
Apolipoprotein Al (< 139.1 o o
mg/dl) or Transferrin (< 2.3 g/l) 78.3% 61.2%
Transferrin (< 2.3 g/1) o o
and Ca 125 (>21 U/ml) 78.3% | 100.0%
Transferrin (< 2.3 g/l) o o
or Ca 125 (>21 U/ml) 94.5% | 70.9%




Cal25 alone was more accurate predictor of
the disease when compared to combinations of

Cal25+Apolipoprotein A1  or Cal25+Transferrin
(Figure 2).
-----.-------l
ROC-ALC
—Cal25 0.94
0,2 === Apolipo Al | Cal25 0.91
= Trans(crrm + Cal25 0.92
0,0~ T T T | T
0,0 02 o4 06 038 1,0
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Apolipo A1+Ca125
Transferrin + Ca125

Fig. 2. Ability to separate ovarian cancer patients
of single and combined biomarker tests

DISCUSSION

This study reflects facilities of advanced technologies
which can separate differently expressed protein
levels in ovarian cancer patients and healthy women.
Information derived from innovative technologies can
aid usage of conventional investigation methods more
targeted.

Our sample set contained only 6 patients with early
stage ovarian cancers; therefore we were not able to
perform comparison of protein expression among early
and late stage ovarian cancers.

Despite efforts to find new highly sensitive and specific
biomarkers, CA125 still is a most accurate single
biomarker for ovarian tumor malignancy prediction.
Addition of new biomarkers can only improve diagnostic
precision of Cal25.

Numerous studies have noted differently expressed
protein peaks of apolipoprotein Al and transferrin
in ovarian cancer and control group patients
(3,6,10,14,28). Most of studies had significant
improvement in sensitivity and specificity of combined
diagnostic tests. In literature there have been published
articles about different prediction models, which can
discriminate normal serum samples from serum samples
derived from patients with low malignancy potential
tumors with 91% sensitivity at specificity of 92%, and
normal samples from early stage ovarian cancer with
a sensitivity of 89% at specificity of 92% (3). Higher
diagnostic accuracy of particular study can be explained
by having another biomarker transthyretin included in
malignancy prediction model. In our study merging of
all biomarkers resulted in lower malignancy prediction
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rates than use of algorithm when apolipoprotein Al
should be down regulated or Ca 125 elevated.
Consolidation of all biomarkers offered high specificity
with essential decrease of sensitivity. Other authors have
reported about high diagnostic sensitivity and specificity
reaching 97% and 99% (AUC 99%), respectively,
especially combining more than 2 newly discovered
serum proteins with Cal25 (3).

CONCLUSIONS

Combined biomarker tests discovered using advanced
technologies can aid more accurate ovarian cancer
detection. Use of apolipoprotein A1 in combination with
Cal25 at distinct thresholds can improve ovarian cancer
detection. Other biomarker incorporation in diagnostic
tests should be investigated and further prospective
studies with larger sample size are needed to reach clear
conclusions.
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Summary.

Introduction. Growing number of elderly transplant recipients and expansion of the criteria for organ donation may increase the risk
of post—transplant complications and impact outcomes.

Aim of the Study. The aim of this study was to define the rate of surgical complications needing re—operations and their impact on
posttransplant outcomes.

Materials and methods. Study includes 202 consecutive deceased donor renal transplantations performed from 01.01.2004 till
31.12.2006. with further follow—up for 3 years. We analyzed the rate of re—operations, associated donor, recipient and transplantation
factors and impact on post-transplant outcomes.

Results. Reasons for re—operations were bleeding and hematoma formation (n=27), urological complications (n=18) and lymphocele
(n=26). Hematomas were associated increased donor body mass index (BMI, p=0,067), presence of glomerular sclerosis at zero—
time biopsy (p=0,034) and with development of urological complications (p=0,004) and delayed graft function (p=0,012). Urological
complications were not associated with donor, recipient and transplant factors. Lymphocele were associated with donor factors
(non—traumatic brain death, p=0,034, asystoly and hypotension, p=0,077, BMI, p=0,061, presence of glomerular sclerosis at zero—
time biopsy, p=0,030), re-transplantations (p=0,092) and ATG use (p=0,094). Graft loss and patient survival during the follow-up
period were not associated with mentioned surgical complications.

Conclusions. Post-transplant surgical complications are associated with donor condition but without impact on three-year graft

and patient survival.

Key words: surgical complications, renal transplantation, donor factors, transplantation outcomes.

INTRODUCTION

Surgical complications (SC) after renal transplantation
(RT) remain one the main concerns in transplantation
(8). By the same time there are two clear tendencies in
current transplantation: increasing age and co-morbidity
in RT recipients leading to overload in “waiting list” and
increasing shortage of donor organs, and expansion of
the criteria for deceased donation in order to increase
the number of donor organ available for transplantation
(2). However, both tendencies may be associated also
with increased risk of complications after RT, leading to
worse transplantation outcomes, longer hospital stay
after transplantation, and, accordingly, higher costs of
treatment.

AIM OF THE STUDY

The aim of our study was to evaluate the association
of surgical complications needing additional surgical
interventions in the early posttransplant period with the
condition of deceased donors, graft quality, recipient and
transplantation factors, and to determine the impact of
surgical complications on later posttransplant outcomes.

MATERIALS AND METHODS

Study included 202 consecutive deceased donor renal
transplantations performed in a single center from
01.01.2004 till 31.12.2006. Patients were divided into
four groups according to the presence of SC in the early

posttransplant period (till the discharge from hospital):
group A (n=145) - without complications (control
group); group B (n=18) — with urological complications;
group C (n=27) — with vascular complications, such
as bleeding and/or hematomas; group D (n=26) —
with lymphocele formation. In 12 cases there was a
combination of two or three mentioned complications,
and these patients were included into two or all three
“complication” groups according to the complications
observed.

We analyzed the rate of SC needing re—operations
and surgical interventions in the early posttransplant
period in association with donor factors (demographical
and clinical factors, laboratory tests, histological
findings at donor “zero” biopsy), as also recipient and
transplantation factors (recipient age, gender, dialysis
modality, cold ischemia time, vascular reconstructions
at back-table surgery, etc.). Patients were followed—
up for three years in order to evaluate the impact of
surgical complications on later posttransplant outcomes.
All operations were performed by authors using the
same organ explantation and transplantation techniques
with retroperitoneal graft positioning in recipient
(intraperitoneal approach and graft positioning in 2
cases of third transplantation). Donor kidney “zero”
biopsies were performed at donor operations by “True—
cut” method. Organ conservation was performed by
histidine-tryptophan-ketoglutarate solution (HTK).
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Data was collected from transplantation center surgical,
transplant coordination and ambulatory follow—up
data-bases and records.

Statistical analysis was performed by SPSS 13,0 program
(SPSS Inc.). Parametric features are shown as mean +
standard deviation. Groups were compared using x*-
tests for non—parametric and ANOVA test for parametric
variables. Results were considered statistically significant
for p<0,05.

RESULTS

SC that needed re-operations were observed in 57
patients (28,2%), and in 12 of them (5,9%) there
was a combination of two or all three complications.
Vascular complications (mainly bleeding and hematoma
formation), were observed in 27 cases (13,4%),
urological (urine leak and ureteral stenosis) — inl8
cases(8,9%), symptomatic lymphocele formation
needing repeated punctions and drainage operations —
in 26 cases (12,9%). Results of comparison of each
“complication” group with the control group are shown
in table 1.

Vascular complications showed statistically significant
association with the presence of glomerular sclerosis
in kidney graft (observed in 18,5% compared with
5,5% in control group, p=0,034), as also tendency to
be associated with higher donor BMI (27,0 + 5,0 vs.
25,4 + 3,8 in control group, p=0,067). This complication
was also more frequently observed in elderly
recipients, however, analysis failed to show statistical
significance (p=0,090). In postoperative period vascular
complications were associated with the development
of delayed graft function (29,6% vs. 10,3% in control
group, p=0,012), as also with urological complications
(combination of those two complications was observed
in 7 cases, p=0,004).

Urological complications failed to show statistical
association with analyzed factors. The tendency of
more frequent development of this complications was
observed in transplantations from donors with high BMI
(27,1 + 5,3 vs. 25,4 + 3,8 in control group, p=0,098).
In posttransplant period urological complications were
more frequently observed in patients who had delayed
graft function (p=0,050).

Lymphocele formations were associated with non-—
traumatic causes of brain death in donors (p=0,034)
and presence of glomerular sclerosis in “zero” biopsies
(»=0,030). Lymphocele formations were associated,
however, without statistical significance, with higher
donor BMI (p=0,061) and hemodynamic disturbances
in donors prior or during organ explantation operations
(p=0,077), as also with re—transplantations (p=0,092)
and with the use of antithymocyte globulin (ATG)
for induction immunosuppression (p=0,094). In
posttransplant period lymphocele formations were
relatively more frequently observed in patients with
delayed graft function (p=0,074).
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DISCUSSION

Donor organ shortage is one of the main problems in
transplantation that leads to more aggressive use of
expanded criteria for deceased donation (2). The same
situation is observed in Latvia (10), and it became of
especial importance during the previous years, when
economical crisis resulted in massive emigration of
able-bodied population, increase in the number of
objections for mostmortem donation associated with
public negativism and mistrust, increase in the number
of chronically ill persons due to inability to receive
valuable medical help in time.

The use of ECD is associated with poorer posttransplant
outcomes such as immediate graft function, duration
of hospital stay and increased costs of treatment after
transplantation (6).

SC in RT are rather frequent (near 30% of all cases)
and could be associated with many factors: the use of
anti—coagulation therapy in pre- and posttransplant
period, immunosuppression and associated problems
with increased risk of infections and retarded healing,
disturbances caused by uremia and chronic dialysis, etc.
(1,3, 5).

In this study we showed that some donor factors are
associated with higher risk of the development of surgical
complications. One of the main factors is the presence
of glomerular sclerosis in donor kidneys, associated
with increased risk of bleeding and development of
hematomas and lymphocele in posttransplant period. In
our earlier study we have shown that the presence of
interstitial and glomerular sclerosis in donor kidneys is
associated with worse early posttransplant outcomes (7).
Unfortunately, it is still impossible to organize immediate
histological analysis in order to get information on the
quality of recovered kidneys prior to transplantation,
therefore “zero” biopsies have only retrospective value.
This one of our main problems, regarding the fact that
histological finding are of highest value for appropriate
organ allocation (4, 9).

Another factor associated with relatively higher
incidence of surgical complications is high donor BMI
that could be explained both by difficulties during
the organ recovery operation and higher incidence of
nephrosclerosis in overweight donors (7).

Relatively higher incidence of vascular complications
in elderly recipients is more likely related with
initially poorer vascular condition in these recipients
(atherosclerosis, arterial stiffening). Higher frequency
of lymphocele in transplantations from donors with
hemodynamic disturbances may be explained by the
necessity to perform rapid organ recovery operation
and associated risk of traumatism of lymphatic vessels in
grafts. Lymphocele complications after ATG treatment
may have several reasons, such as hypocoagulation,
retarded healing, etc.

All complications were associated only with the
development of delayed graft function and failed to
show association with increased risk of graft losses
and patient deaths during the next three years after
transplantation. Regarding this fact, we can conclude



that transplantation from ECD is a valuable source of
donor organs, especially for transplantation in patients
with limited life expectancy; however, further follow—up
isneeded to determine the impact of such complications
on later posttransplant period.

Conclusions

SC in early postoperative period are associated with the
use of ECD, however, without major impact on first 3
years after transplantation. ECD are a valuable source of
donor organs, especially for transplantation in patients
with limited life expectancy.
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Table 1. Comparison of groups

(* — p value compared with control group; NC — no complications; UC — urological complications; VC — vascular
complications; LC — lymphocele complication; BMI — body mass index; NTD — non-traumatic cause of brain death;
ICU - intensive care unit; S—Crea — serum creatinine; S—Urea — serum urea; Hgb — hemoglobin; Hct — hematocrit;
Leu - leucocytes; IS — interstitial sclerosis; GS — glomerular sclerosis; PD — peritoneal dialysis; HD — hemodialysis;
Re-TX - re—transplantations; CIT — cold ischemia time; ATG — antithymocyte globulin; DGF — delayed graft function;
AR - acute rejections)

Factors Group A |Group B (UC)| p* |Group C (VQC) p* Group D p*
(NC) (LC)
Patients (n) 145 18 27 26
Donor factors:
Age (yrs.) 41,8+13,5 43,2413,7 NS 45,4412,7 NS 44,3+12,0 NS
BMI (kg/m?) 25,443,8 27,145,3 0,098 27,045,0 0,067 27,0+4,8 0,061
NTD (%) 44,1% 38,8% NS 48,1% NS 65,4% 0,034
Stay in ICU (days)
Hemodynamic 3,0+2,3 2,8+2,6 NS 3,0+2,5 NS 3,243,0 NS
disturbances (%)
Laboratory tests: 44,1% 50% NS 44,4% NS 61,5% 0,077
S—Crea (mmol/l)
S—Urea (mmol/l) 0,11+0,04 0,11+0,04 NS 0,11+0,04 NS 0,10+0,04 NS
Hgb (g/dl) 6,7+3,3 7,1+4,2 NS 6,9+3,6 NS 6,2+2,4 NS
Hct (%) 11,6+3,0 11,4+2,0 NS 11,9+2,3 NS 12,242,3 NS
Leu (*10%/ml) 33,748,5 33,046,1 NS 34,1+6,4 NS 35,945,8 NS
Histology: 12,0+45,3 11,444,6 NS 12,146,1 NS 12,7+4,4 NS
IS (n)
GS (n) 33 (22,8%) 3 (16,7%) NS 7 (25,9%) NS 8 (30,8%) NS
8 (5,5%) 2 (11,1%) NS 5 (18,5%) 0,034 5(19,2%) 0,030
Recipient factors:
Age (yrs.)
Gender (m/f) 44,0+14,5 45,9+17,4 NS 49,2+15,2 0,090 48,0+12,6 NS
Dialysis modality 75170 10/8 NS 13/ 14 NS 15711 NS
(PD / HD)
Re-TX (n) 26 /119 2/16 NS 3/24 NS 2/24 NS
12 (8,3%) 1(5,5%) NS 3(11,1%) NS 5(19,2%) 0,092
Transplantation
factors:
CIT (hrs.) 16,6+4,6 16,3+5,3 NS 17,0+4,9 NS 16,1+5,9 NS
Vascular
reconstr. (%) 49,7% 50% NS 48,1% NS 57,7% NS
Induction by ATG (%)
17,2% 22% NS 14,8% NS 30,1% 0,094
Posttransplant
results:
DGF (%) 10,3% 27,8% 0,050 29,6% 0,012 23,1% 0,074
AR (%) 49,0% 55,5% NS 37,0% NS 53,8% NS
S—Crea
(disch., mmol/I) 0,1240,05 0,1340,04 NS 0,1340,04 NS 0,1340,05 NS
Graft losses (n) 18 (12,4%) 2 (11,1%) NS 4 (14,8%) NS 3 (11,5%) NS
Patient deaths (n) 10 (6,9%) 2 (11,1%) NS 3(11,1%) NS 2 (7,7%) NS
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Summary

Introduction. There is no unified opinion about the role of subclinical rejection (SR) in further kidney graft function and the necessity
of its treatment.

Aim of the Study. The aim of our study is to determine the impact of SR on kidney graft function during the first year after
transplantation.

Materials and methods. Totally 144 deceased donor kidney transplantations were performed in a single center between January 1,
2007, and March 16, 2009. The study included patients who developed the primary graft function (n=78). Protocol biopsies were
performed in 28 patients. The patients were divided into 4 groups: group A — patients, who had no histological signs of rejection on
their protocol biopsy; group B — patients with histological signs of rejection who were treated with steroids; group C — patients with
histological signs of rejection and with no treatment; group D — patients who were not biopsied.

All groups were compared for serum creatinine level, glomerular filtration rate (GFR), number of clinical rejection 1, 3, 6, 12 months
after the transplantation.

Results. Histological examination revealed that 18 of 28 patients who underwent the protocol biopsy had SR grade from IA to [IA
(64.3%). Gomparison of the group showed no statistical difference in creatinine level and GFR 12 months after the transplantation
(p > 0,05 for all groups).

Conclusions. During the first 12 months after transplantation SR does not significantly impact the graft function. However, the graft
function was slightly worse in patients with SR and without treatment, and relatively better in patients with SR who were treated by

steroids than in patients from others groups. Further follow—up is needed to determine the longer—term results.
Key words: kidney transplantation, subclinical rejection, protocol biopsy.

INTRODUCTION

Recently, there has been a considerable improvement
of kidney transplantation results. During the last
decade, the number of acute transplant rejection cases
and transplant loss within early post transplant period
has significantly reduced. But despite the good short—
term results the adequate improvement of long-term
results has not been achieved and the time limited renal
graft function remains the serious problem of current
transplantology. Meier—Kriesche et al. reported that
relative risk for overall renal transplant loss in 1996 was
1.0, but in 2000 it was 1.14 (2).

The term of subclinical rejection (SR) was introduced
during the nineties to denote histological signs of acute
rejection in kidney graft with stable function (8). Some
studies have established association between SR and
chronic allograft nephropathy (CAN) development (4).
However, there still exists no unified opinion about
the role of subclinical rejection in further kidney graft
function (3) and the necessity of its treatment, and
protocol biopsy is still not standard of care at many
transplant centers (5).

AIM OF THE STUDY

The aim of this study was to determine the impact of
SR on kidney graft function during the first year after
transplantation and to clarify the effect of its treatment.

MATERIALS AND METHODS

Totally 144 deceased donor kidney transplantations
were performed in a single center between January
1, 2007, and March 16, 2009. The study included 78
patients who expressed their informed consent and
who developed primary graft function and without any
complications during 1 month after transplantation —
acute clinical rejection, delayed graft function, severe
infection, urinoma, post operation hematoma that
needed reoperation etc. Immunosuppression included
induction by monoclonal (basilixumab or daclizumab) or
polyclonal (ATG) antibodies with a 5-day steroid pulse,
and maintenance by per oral steroids, mycophenolate
mofetil and Neoral as guided by the blood level — about
150 ng/ml during the first month after transplantation.
Protocol biopsies — the planned biopsy without direct
indications — were performed on 28 patients who gave
their agreement and who met the following criteria
during 10 days before the biopsy: serum creatinine < 0.2
mmol/l, adequate diuresis, normal body temperature
and stable renal graft function defined as variability of
serum creatinine of less than 20%. Protocol biopsies
were performed within the 3rd and 4th weeks after
transplantation under ultrasound guidance. Histological
changes were diagnosed according to the 1997 Banff
criteria’.  Subclinical rejection was defined as the
presence of histological changes grade from IA.

All patients were divided into 4 groups: group A -
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patients, who had no histological signs of rejection on
their protocol biopsy; group B — patients with histological
signs of rejection who were treated by steroid (500 mg
i/v for 3 days); group C — patients with histological signs
of rejection and with no treatment; group D — patients
who underwent no protocol biopsy.

All groups were compared for age and gender of the
recipient, age of the donor, cold ischemia time, serum
creatinine level and GFR (by Cockcroft-Gault equation)
1, 3, 6 and 12 months after transplantation and number
of acute clinical rejection and graft loss during the first
year after transplantation.

Descriptive statistics were used to summarize the
demographic and clinical features. Results were
expressed as mean + SD. One-way ANOVA analysis
was used to compare groups for parametric variables,
and Pearson’s Chi-squared test — for non—parametric
variables.

Only p < 0,05 was considered statistically significant.
All statistical analyses were performed using SPSS 13,0
(SPSS Inc.).

RESULTS

Histological examination revealed that 18 of 28 patients
who had undergone protocol biopsy had SR grade
from IA to ITA (64.3%): grade IA had 13 patients; IB —
4 patients; ITA — 1 patient (Figure 1). Comparison of
the groups showed no statistically significant difference
(p>0,05 between all groups) in age and gender of the
recipient, age of the donor, cold ischemia time, acute
clinical rejection number and graft loss number during
12 month after transplantation (Table 1). One patient
from group B has lost his graft due to non—-compliance
of immunosuppression therapy.

Comparison of the groups showed statistically significant
difference in serum creatinine level at 1 month after
transplantation between the group B and group D (p =
0,043) and between the group C and group D (p =
0,027); but at 3, 6, and 12 months after transplantation
this difference became not statistically significant (p >
0,05). The differences in serum creatinine level and
GFR at 1, 3, 6, 12 months after the transplantation
between other groups had no statistical significance
(p > 0,05). However, group C patients at 12 months
had relatively higher mean serum creatinine level and
lower GFR compared with other group patients, but
group B patients, although statistically insignificant, at
12 months had the mean serum creatinine level slightly
lower and GFR slightly higher than in patients from
others groups.

DISCUSSION

Most sources currently acknowledge the presence
of subclinical rejections. According to the data from
various authors, their numbers in early posttransplant
period lies between 7 and 46.6% (3,4,9). High SR rate
in our study could be explained by a small number of
patients who underwent the protocol biopsy and also
probably by specificities of immunosuppressive therapy
used in our center (rapid decrease of the steroid dose
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and relatively low doses of Cyclosporine) and high rate
of HLA mismatches in our patients.

However, there is no common opinion on the role of SR
and on the necessity of its treatment. Some authors note
that with time SR could progress into an acute clinical
rejection or persist subclinically, facilitating development
of chronic transplant nephropathy resulting in graft
malfunction (1,4,6). Our study showed that in the first
12 months following the transplantation the number of
acute clinical rejections in patients with no signs of SR
and those who got steroid treatment because of SR, does
not differ from the number of acute clinical rejections
in patients with signs of SR who got no treatment. As
for the transplant functioning, 12 months after the
operation the patients with no treatment revealed
deterioration, although statistically insignificant, of the
function compared to other groups of patients.

Group D comprised patients who had no protocol
biopsies (mostly due to refusals by the patients).
However, proceeding from the data we obtained, it
could be assumed that this group also includes patients
with signs of SR that remained untreated. This confirms
the fact that after 12 months the creatinine level in this
group is higher, although statistically insignificantly,
than in Groups A and B.

At the same time, Group B patients who got steroid
treatment, 12 months after reveal, although statistically
insignificantly, a lower creatinine level and a higher
GFR level compared to other groups.

CONCLUSIONS

Results of our study show that during the first 12
months after transplantation SR does not significantly
impact the kidney graft function. However, the graft
function was slightly worse in patients with SR and
without treatment (group C) and relatively better in
patients with SR who were treated by steroids (group B)
than in patients from others groups and further follow-
up is needed to determine the longer—term results.
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Table 1. Demographic and clinical features of the groups

Fig. 1. Number of subclinical rejection cases

Variables Group A Group B Group C Group D
(n=10) (n=10) (n=8) (n=50)
Donor age (yr) mean+SD 41.4+10.1 52.9+13.4 48.6+8.4 42.4+14.7
Recipient age (yr) mean+SD 50.5+11.4 47.8+15.4 49+7.5 46.4+15.1
Recipient gender (M/F) 5/5 5/5 3/5 18/32
Cold ischemia time (h) mean+SD 16.9+2.9 16.9+1.9 16.3+2.8 15.7+14.7
Clinical acute rejection during 1 year, 3 2 2 6
number of cases
Graft loss during 1 year, number of cases 0 1 0 2
Serum creatinine (mmol/l) mean+SD
1 month 0.112+0.021 0.121+0.027 0.125+0.035 0.106+0.019
3 months 0.116+0.025 0.121+0.027 0.131+0.037 0.113+0.023
6 months 0.122+0.027 0.128+0.023 0.138+0.044 0.122+0.031
12 months 0.131+0.029 0.128+0.023 0.150+0.054 0.135+0.031
GFR (ml/min) mean+SD
1 month 72.3+15.9 68.4+21.9 59.8+11.6 74.5£16.7
3 months 70.3+16.0 68.4+21.9 57.1+12.3 70.7+17.6
6 months 66.4+13.0 63.2+21.0 55.4+12.8 67.2+18.4
12 months 59.8+15.9 64.0+20.7 52.4+14.5 61.2+17.0
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Summary

Introduction. Immune thrombocytopenic purpura (ITP) is one of the most commonly known and widely researched haematological
diseases. ITP manifests as decrease in platelet count of various degrees, which can even cause fatal bleeding from 0.4 — 13%
annually. Glucocorticoids (GC) and intravenous immunoglobulin (IgG) are used as the first line of treatment, 20-50% of drug
therapy is ineffective and splenectomy is “the second stage” of treatment.

Various sources of literature mention the range of ITP remission following splenectomy from 49 — 93%. Current studies are looking
for prognostic factors, which would ensure complete ITP remission following splenectomy.

Aim of the Study. To analyse possible perioperative prognostic factors in ITP patients for achieving remission following splenectomy.
Materials and methods. The retrospective study included 13 patients diagnosed with immune thrombocytopenic purpura (ITP),
who underwent surgery in the period from 2002 to 2009 at the Riga Eastern Clinical University Hospital “Linezers”. From laboratory
tests — full blood—count 1 — 2 days before the operation, on the 5th — 7th day following the operation, 1 month after the operation,
one year after the operation and during the last follow—up found in the patient’s out—patient file. The size of the spleen before the
surgery was determined by ultrasonography.

The access to the abdominal cavity and the spleen —conventional or laparoscopic surgery, the duration of the operation, perioperative
blood loss, post—operative complications and the patient’s day of discharge following the surgery was analysed.

Results. In the period from January 2002 to January 2009 at RECUH clinic “Linezers” 13 ITP patients underwent surgery. As to the
gender the average age for both genders was similar (men 39.0 + 14.1 and women 39.0 + 16.0). The mean value of the duration
of the disease in women (8.0 + 9.0 months) and men (68.1 + 58.7 months) has a statistically significant difference, using the
independent pair selection t—test (t = 2.38; p = 0.047). In one US case and in one CT case accessory spleens were detected. The pre—
operative mean value of PLT count had increased in a statistically significant way in accordance with the independent pair selection
t—test (t=3.087; p = 0.009), and in accordance with Wilcoxon signed-rank test (z =2,202; p = 0,028) compared to the mean value of
PLT count, which was detected during the last follow—up visit on average 35.9 + 35.9 months after the surgery. Analysis of variance
(ANOVA) shows that the average age of cured patients

34.6 + 9.8 is statistically less significant than for those patients, who continue treatment and whose disease has transformed (F =
7.327; p = 0.011).

Conclusions. The performed research allows concluding that the decisive factors in successful ITP outcome after the operation are
the following: 1) in patients, who have undergone the operation in a relatively younger age (34.6 + 9.8 years) the disease outcome
is more successful during the follow — up period — 35.9 + 35.9 months (F = 7.327; p = 0.011); 2) the visualisation and removal of
the accessory spleen decreases the probability of relapse.

Key words: ITP, splenectomy, laparoscopic splenectomy, accessory spleens.

INTRODUCTION The treatment of ITP is predominantly targeted
Immune thrombocytopenic purpura (ITP) is one of  at restoring the platelet count and decreasing
the most commonly known and widely researched  the risk of bleeding. Glucocorticoids (GC) and

haematological diseases. Its incidence is 4.5/100 000 intravenous immunoglobulin (IgG) are used as the

among men and 7.4/100 000 among women (8).

In cases of ITP anti-bodies bind with antigens on platelet
surface, causing increased loss of reticuloendothelial
system cells in the spleen, to a lesser extent — in the liver
and bone marrow. Thus, ITP manifests as decrease in
platelet count of various degrees, which can even cause
fatal bleeding from 0.4 — 13% annually (17) .
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first line of treatment, the second line of treatment is
splenectomy. In case of post-splenectomy refractory
ITP immunosuppressive therapy (IS) (Cyclosporine,
Azatioprin) vinca alkaloids (Vinblastine, Vincristine),
Danazol, thrombopoietin analogues (Eltrombopag),
intravenous anti-D antibody therapy, monoclonal
antibodies antiCD20-Rituximab are used. Currently



studies on using GC and immunoglobulin in treating
ITP have not been randomized (4). Similarly, research
on the use of anti-D antibodies and antiCD20 in the
treatment of ITP are still ongoing (1, 1).

20-50% of drug therapy is inetfective and splenectomy
is “the second stage” of treatment (3, 4, 12, 17, 21).
Splenectomy has a dual meaning in the treatment of
ITP - elimination of the source producing anti-platelet
bodies and elimination of the main site of platelet
destruction (1).

For the first time splenectomy in the treatment of ITP
was described by Kaznelson in 1916 (3). With the
development of modern and minimally invasive surgical
technologies, in 1991 Delaitre and Maignien introduced
laparoscopic splenectomy (LS) in the treatment of
haematological diseases (19). ITP is the most frequent
indication for LS because of the unchanged or slightly
increased size of the spleen. Several studies have proven
that LS is a safe and effective method for treating ITP,
due to shorter period of hospitalization, quicker return
to active life, smaller post-operative pain and number
of complications, and better cosmetic effect compared
to conventional splenectomy (CS). The surgical
technique has no impact upon ITP outcome following
the operation (3, 7, 12, 14, 16). Various sources of
literature mention the range of ITP remission following
splenectomy from 49 - 93% (3, 9, 14, 22, 23). Current
studies are looking for prognostic factors, which would
ensure complete ITP remission following splenectomy
(2,3,8,9,13,17, 20, 23).

AIM OF THE STUDY

To analyse possible perioperative prognostic factors
in ITP patients for achieving remission following
splenectomy.

MATERIALS AND METHODS

The retrospective study included 13 patients diagnosed
with immune thrombocytopenic purpura (ITP), who
underwent surgery in the period from 2002 to 2009 at
the Riga Eastern Clinical University Hospital “Linezers”.
Patients’” out—patient files and medical records were
analysed.

From laboratory tests — full blood—count 1 — 2 days
before the operation, on the 5"~ 7™ day following the
operation, 1 month after the operation, one year after
the operation and during the last follow—up found in
the patient’s out—patient file.

To evaluate the coagulogram the activated partial
thromboplastine time (APTT), prothrombine index (PI)
and the bleeding time according to Duke’s method was
detected. All patients underwent bone marrow biopsy
to exclude primary haematological disease.

The size of the spleen before the surgery was determined
by ultrasonography, following the splenectomy the
spleen was weighed on scales and its histological
examination was performed.

The use of platelet mass (PLTM), erythrocyte mass (EM)
and fresh frozen plasma (FFP) during the perioperative
period was analysed. The patient’s physical condition
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was assessed in accordance with the generally recognised
ASA (American Society of Anesthesiologists) classification.
The access to the abdominal cavity and the spleen —
conventional or laparoscopic surgery, the duration of
the operation, perioperative blood loss, post—operative
complications and the patient’s day of discharge
following the surgery was analysed.

All operations were performed under endothracheal
anaesthesia, during the surgery mnasogastral tube
was inserted, in all patients undergoing CS Foley type
urinary bladder catheter No.18 was inserted. To ensure
perioperative antibacterial prevention measures, all
patients during the initial anaesthesia received 2 grams
of a third generation cephalosporin antibacterial drug —
cefoperazone.

When midline laparatomy is performed, the patient is
supine with arched lumbar part, if a n incision under
the ribs is performed, then the patient has right lateral
position with arched rib arc.

During the laparoscopic operation the patient has a right
semi-lateral position in an angle of 45° with arched
lumbar part. Initially the abdominal cavity is punctured
with Varesa needle in the middle of the line connecting
the navel with the middle point situated immediately
behind the rib arc and filled with CO2 till 12 mmHg
(Fig. 1, A). After that a 10 mm optical trocar is placed
(30° slanted optics— Olympus optical, Tokyo, Japan are
used). Following that working trocars are placed. One
10 mm trocar is placed in the epigastrium on the
left to the hepatic cord (Fig.1, B), the second 10 mm
trocar is placed along linea axillaris anterior below the
rib arc (Fig. 1, C), a 12 mm trocar is placed along /inea
medioclavicularis sinistra 2-3 cm below the rib arc (Fig.
1, D). All trocar sites can be diverted, depending upon
the size of the spleen and its position in the abdominal
cavity (Fig.1).

v
Fig.1 The port sites of patients undergoing
laparoscopic splenectomy

During conventional surgery intact spleen is removed
from the abdominal cavity. During laparoscopic surgery
the spleen is placed in an endoscopic bag (EndoBag)
and then is removed, by performing a minilparatomy
incision ~7 cm long, joining the site of the 10 mm trocar,
which is placed on linea axillaris anterior below the rib arc
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with the trocar plfalced on linea medioclavicularis sinistrq 2- Day of discharge after the surgery 6.8 +2.1
3 cm below the rib arc. After the surgery the abdominal - .

o b " St . Post—operative follow—up period 35.9+35.9
cavity is closed “layer by layer”.A drain is placed in the - —
site of the spleen at the end of both conventional and ~ |Plsease outcome Remission 11
laparoscopic operation. follow%ng the
Following the surgery all patients are monitored at the operation
intensive care unit (ICU). Continues therapy 1
All patients who underwent surgery received identical Transformation of 1
postoperative antibacterial therapy. All patients were the disease
vaccinated with Prneumo — 23.
This study is a part of Doctoral Thesis and the study Fig. 1.

application are going to be approved to Ethics
commission of the Riga Stradin$ University.

The average platelet count during the follow-up period

RESULTS
In the period from January 2002 to January 2009 at
RECUH clinic “Linezers” 13 ITP patients underwent

350

surgery. See Table 1 for patients’ characteristics. The 300
study includes 8 women and 5 men, the average age 39 + 250 | 4 EPLT1 **2nd preoperative day
14.2, the youngest patient was an 18 years old woman, Lo — mPLT5 "~ 7" post-operative day
the oldest — a 66 years old man. As to the gender the  P-T*1%"hso T BPLT f month following th e surgery
PR . OPLT1 following th
average age for both genders was similar (men 39.0 + 100 yearorowingTh e surgery
EPLT last contro |

14.1 and women 39.0 + 16.0).

The average duration of the disease prior to the surgery
was 45 * 54.4 months. The shortest period from setting
the diagnosis to the surgery was 1 month, the longest —
156 months. The mean value of the duration of the
disease in women (8.0 = 9.0 months) and men (68.1 +
58.7 months) has a statistically significant difference,
using the independent pair selection t-test (t =2.38; p =
0.047).

Prior to the surgery 2 (15.4 %) patients received only
GC therapy, 5 patients (38.5 %) received GC and IS
therapy, in 5 cases (38.5 %) GC and IgG was applied.
One patient, for whom the duration of the disease prior
to the surgery was 7 months, had received both GC and
IS, as well as IgG therapy (7.7 %).

Table 1. Patients” characteristics

Total 13 (N)
Gender: female/ male: 8/5
Average age (years £ SD) 39 £ 14.2
Maximum fluctuation of the average age 18 — 66
Duration of the disease prior to the 45,0 £+ 54.4
surgery (months + SD)
Maximum fluctuation of the duration of 1-156
the disease prior to the surgery
Therapy received up |GC 2
to the surgery GC +1gG 5

GC + IS 5

GC + 1S + IgG 1
The size of the spleen |Average + SD 10.7+ 1.6
prior the operation |Maximum 83-13
(cm) fluctuation

Aucxiliary spleen ( 2

cases )
ASA I/II/II/IV 1/9/3/70

30

s 77.4

0

Follow-up period

Prior to the operation all patients underwent
ultrasonography (US), in 5 cases — computer tomography
(CT) examination with i/v infused radiopaque. The
average size of the spleen was 10.7 = 1.6 cm. In one US
case and in one CT case accessory spleens were detected,
which were removed to prevent failure of ITP treatment
following the surgery.

Changes in platelet count (PLT) in the perioperative
period are shown in Figure 1. Prior to the operation
severe thrombocytopenia (PLT < 50 x 10°/L) was
observed in 6 cases. In these cases the platelet count
was adjusted a week before the operation with platelet
mass transtusions (6 and 3 units). Thrombocytopenia of
medium severity (100 — 50 x 10°/L) before the operation
was detected in 3 cases, mild thrombocytopenia (150 —
100 x 10°/L) in 4 patients. The average PLT count prior to
the surgery was 77.4 + 52.7 x 10°/L. On the 5% — 7" day
following the surgery the average PLT count was 317.1 +
119.6 x 10°/L; one month after the surgery — 264.5 +
221 x 10?/L; one year after the surgery — 187.2 + 148.8 x
10°/L; the average count during the last follow—up visit
on average 35.9 £ 35.9 months after the surgery was
120.2 + 160.5 x 10°/L. The pre—operative mean value of
PLT count had increased in a statistically significant way
in accordance with the independent pair selection t—test
(t=3.087; p=0.009), and in accordance with Wilcoxon
signed-rank test (z = 2,202; p = 0,028) compared to the
mean value of PLT count, which was detected during
the last follow—up visit on average 35.9 £ 35.9 months
after the surgery.The physical condition of all patients
prior the surgery was assessed in accordance with ASA
classification (See Table 1).



The values of perioperative indicators are included

in Table 2

Name Maximum | Average =*

fluctuations SD
APTT (seconds) 23.1-37.7 |23.9+11.1
PI (%) 76117 | 82+39.0
Bleeding time (minutes’; 1'27-5'48” | 2'32"+ 1.7
seconds”)
The size of the spleen 8.3-14 10.7 £ 1.6
before the operation (cm)
Type of operation LS/CS 11/2
Duration of CS ( minutes ) 75 -85 80 +7,0
Duration of LS ( minutes ) 85-195 130.6 =
32.9
Blood loos during LS 100 - 800 372.7 £
( millilitres ) 264.9
Blood loss during CS 200-400 (300 +141.4
( millilitres )

Weight of the spleen after 64 — 287 161.6 +
the operation ( g) 100.6
Number of complications 3
In 11 cases (84.6 %) laparoscopic splenectomy

was performed, in 2 cases (15.4 %) —conventional
splenectomy. The duration of LS was 130.5 + 32.8
minutes, duration of CS—80 + 7.1 minutes ( See Table 2 ).
Blood loss during LS operation was 372.7 + 264.9
millilitres (ml) . During CS — average 300 + 141.4 ml.
During the operations 12 units of PLTM, 3 units of EM
and 1 unit of FFP were transfused. The transfusion of
PLTM during the operation did not differ statistically
(applying x* method) depending upon the type of
operation (x*> = 2.758; df = 3; p = 0.431). In the early
post—operative period (ITN) 2 more PLTM units and 3
EM units were transfused.

Following the operation the majority of patients — 9
(81 %) were discharged on the 6"~ 8" day.

The average weight of the spleen after the operation —
161.6 £100.6 grams. In all cases histological examination
revealed changes typical of ITP — the histological pattern
of the spleen

blotted, red pulp plethora.

In 3 cases complications developed following the
operation. In one case a hematoma of the wound was
detected following CS, in two cases — following LC —
trocar site hematomas. All wound hematomas gradually
disappeared without specific treatment.

The average follow—up period was 35.9 £ 35.9 months
(maximum fluctuations from 11 — 135) Analysis of
variance (ANOVA) shows that the average age of cured
patients

34.6 + 9.8 is statistically less significant than for those
patients, who continue treatment and whose disease
has transformed (F = 7.327; p = 0.011).
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DISCUSSION

The first splenectomy for treating haematological
diseases was performed by Sutherland and Burghad
in 1910 to treat hereditary spherocytosis. In 1916
Kaznelson reported on the use of splenectomy in
treating ITP. ITP was treated surgically even up to
1958, when Damashek et.al. described the term
“hypersplenism” and demonstrated the significance of
GC in the treatment of chronic ITP and established it as
the first line of treatment (7, 14). The side — effects of
GC therapy and the development of minimally invasive
surgical techniques facilitated the introduction of
laparoscopic splenectomy in the treatment of ITP.

50 — 80 % of the patients are treated with splenectomy,
and achieve full remission following the operation in
49 - 93 % of the cases, therefore various perioperative
predictive factors are searched that would allow
predicting ITP outcome after the operation (3, 9,
14, 22, 23). If 30 days after the operation and longer
PLT count is > 150 x 10?/L (more recent publications
> 100 x 10°/L), without additional therapy, except
cases, when GC dose is gradually cancelled after the
operation, the remission is considered to be complete.
Partial (incomplete) remission — PLT count is 50 x10°/L
(or 30 x 10?/L in more recent publications) or higher,
detected 30 days after splenectomy and longer, with or
without additional therapy, except those patients who
have complete remission; no response to splenectomy
(failure) — PLT count is < 50 x 10°/L (in more recent
publications < 30 x 10°/L), which has been detected
30 days after splenectomy with or without additional
therapy (15).

One of the possible factors causing failure following
the operation is the accessory spleen. During post
mortems accessory spleen is found in 15 — 20 % of
population and their incidence is higher in patients
with haematological diseases (14). The accessory spleen
can have effect upon ITP treatment outcome following
the operation (9, 14, 23). In our study accessory spleen
was detected in two cases prior to the operation during
US and CT examinations, in both cases they were
extirpated. During the operation and upon removal of
the spleen from abdominal cavity atraumatic principles
are complied with, to avoid injuring the spleen’s
capsule and prevent the spleen tissue contaminating
surrounding tissue, thus avoiding the implantation
of spleen tissue in the surrounding tissue. During
repeated US and CT examinations after the operation
no accessory spleens were detected in those patients
with continuing ITP or whose disease had transformed
into lymphoproliferative disorder (LPD). More recent
research on the possibilities for diagnosing accessory
spleen both prior and after the operation the use spiral
CT and handheld gamma probe are mentioned (11,
18). It follows from the aforementioned that successful
visualisation of accessory spleen tissue before the
operation decreases the possibility of relapse after the
operation.
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The clinical practical guidelines for laparoscopic
splenectomy published by European Association of
Endoscopic Surgeons in 2008 regard laparoscopic
splenectomy as the “golden standard” in the treatment
of ITP because of the unmodified or slightly modified
size of the spleen (11). In our study the average size
of the spleen was 10.7 + 1.6 cm, i.e., the size of the
spleen was unchanged (the normal longitudinal size of
the spleen is 10 — 12 cm) and in 9 cases laparoscopic
splenectomy was performed. Literature reports that
the type of operation does not affect the ITP outcome
in a statistically significant way (5,11). One of the most
frequently assessed factors, which could influence ITP
outcome following an operation is age (3, 7, 8, 14). In
our study the mean value of the cured patients’ age —
34.6 + 9.8 years is lower in a statistically significant way
compared to those patients, who continue treatment or
who have experienced transformation of the disease (F =
7.327; p=0.011). Kathkouda et al. mention that the age
from 30 to 45 years is an independent predictive factor
for successtul outcome following the operation (14).
Duperier et al. mention that patients, who are below
50 and who have undergone LS, have been successfully
cured (7). It can be concluded that a more successful
disease outcome following splenectomy can be predicted
for younger patients.

Tsereteli et al. write that the duration of the disease prior
to the operation is also one of the predictive factors,
which should be considered for successtul ITP outcome
following splenectomy (22). In our study the mean value
of the duration of the disease prior the operation (45 +
54.4 months) did not influence the disease outcome
following the operation in a statistically significant way
(ANOVA; F = 0.297; p = 0.750).

Duperier et al. mention that the disease outcome
following splenectomy is influenced by PLT count before
the operation - it should be > 70 x 10°/L (7). In our
study the mean value of PLT is 77.4 x 10°/L. The mean
value of PLT prior to the operation does not influence ITP
outcome after splenectomy in a statistically significant
way (ANOVA, F = 0.429; p = 0.663). PLT is one of the
parameters that can be adjusted before the operation. In
our clinic the patients are prepared before the operation
with PLTM transfusions, taking into consideration the
general satus, clinical manifestations and coagulogram.
However, currently no specific criteria have been defined
for using PLTM while preparing for the operation
because of the small number of ITP patients undergoing
surgery.

It is mentioned in literature that the increase of PLT in
the period from the first to the seventh day after the
operation is a good predictive sign with regard to the
ITP outcome following splenectomy (2, 5, 14, 15, 17,
23). Katkhouda et al. mention that if PTL count during
the first three days following the operation stays within
the range of 400 — 600 x 10°/L, then the number of
relapses is smaller (14). In 2004 Balague described that
the patients with PTL count of < 100 x 10?/L compared
to patients with PTL count of > 100 x 10°/L after the
operation have a great probability of an unsuccesstul
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disease outcome following splenectomy (2). J— M.
Wu describes two factors for reaching remission — the
increase of PTL count immediately after LS (p = 0.01)
and PTL count > 100 x 10°/L (p = 0,007) (23). K.Kojouri
et al. in 2004 surveyed the literature available from
Medline data base covering the period from 1966 to 2004
on the use of splenectomy in ITP treatment. The author
concluded that PTL count increased after the operation,
but different criteria and post-operative days are used
to establish that (15). In our study the mean value of
PTL count, which was detected before the operation
(77.4 £ 52.7 x 10°/L), had increased in a statistically
significant way both in accordance with independent
pair selection t-test (t = 3.087; p = 0.009), and Wilcoxon
signed-rank test (z = 2.202; p = 0.028) compared with
the mean value of PTL detected during the last follow —
up visit (120.2 £ 160.5 x 10°/L). However, PTL count
before the operation and PTL count on the 7" day does
not influence the disease outcome in a statistically
significant way (ANOVA; F = 0.429; p = 0.663 and F =
0.950; p = 0.41 ).

CONCLUSIONS

The performed research allows concluding that the
decisive factors in successful ITP outcome after the
operation are the following: 1) in patients, who have
undergone the operation in a relatively younger age
(34.6 + 9.8 years) the disease outcome is more successful
during the follow — up period — 35.9 £+ 35.9 months (F =
7.327; p = 0.011); 2) the visualisation and removal of
the accessory spleen decreases the probability of relapse.

Conflict of interest: None

REFERENCES

1. Arnold DM, Dentali E Crowther MA, et al
Systematic review: Efficacy and safety of rituximab
for adults with idiopathic thrombocytopenic
purpura // Ann Intern Med, 2007;146:25 — 33

2. Balague C, Targarona EM, Cerdan G, Novell J,
Montero O, Bendahan G, Garcia A, Pey A, Vela
S, Diaz M, Trias M. Long-term outcome after
laparoscopic splenectomy related to hematologic
diagnosis // Surg Endosc, 2004;18(8):1283 — 1287

3. Balague C, Vela S, Targarona EM, Gich 1J, Muniz
E, D’Ambra A, Pey A, Monllau V, Ascaso E,
Martinez C, Garriga J, Trias M. Predictive factors
for successful laparoscopic splenectomy in immune
thrombocytopenic purpura: study of clinical
and laboratory data // Surg Endosc, 2006 Aug;
20(8):1208 — 1213

4. British Committee for Standards in Haematology
General Haematology Task Force. Guidelines for
the investigation and management of idiopathic
thrombocytopenic purpura in adults, children
and in pregnancy // Br J of Haematol, 2003; 120:
574 - 596



10.

11.

12.

13.

14.

15.

Cordera F Long KH, Nagorney DM, McMurtry
EK, Schleck C, Istrup D, Donohue JH. Open
versus laparoscopic splenectomy for idiopathic
thrombocytopenic purpura: clinical and economic
analysis // Surgery, 2003; 134(1):45 — 52
Cortelazzo S, Finazzi G, Buelli M, et al. High risk
of severe bleeding in aged patients with chronic
idiopathic thrombocytopenic purpura // Blood,
1991;77:31

Duperier T, Brody E Felsher J, Walsh RM, Rosen
M, Ponsky J. Predictive factors for successful
laparoscopic splenectomy in patients with immune
thrombocytopenic purpura // Arch Surg, 2004;
139(1):61 — 66

Fabris F Tassan T, Ramon R, Carraro G, Randi
ML, Luzzatto G, Moschino P, Girolami A. Age as
the major predictive factor of long—term response
to splenectomy in immune thrombocytopenic
purpura // Br J Haematol, 2001; 112: 637 — 640
Gadenstatter M, Lamprecht B, Klingler A, Wetscher
GJ, Greil R, Schmid T. Splenectomy versus medical
treatmentforidiopathicthrombocytopenicpurpura//
Am J Surg, 2002; 184(6):606 — 609

George JN, Raskob GE, Vesely SK, et al. Initial
management of immunethrombocytopenic
purpura in adults: A randomized controlled trial
comparing intermittent anti-D with routine care //
Am J Hematol, 2003;74:161 — 169

Habermalz B, Sauerland S, Decker G, Delaitre
B, Gigot JE Leandros E, Lechner K, Rhodes
M, Silecchia G, Szold A, Targarona E, Torelli
P, Neugebauer E. Laparoscopic splenectomy:
the clinical practice guidelines of the European
Association for Endoscopic Surgery (EAES) // Surg
Endosc, 2008; 22(4):821 — 848

James P. Dolan, Brett C. Sheppard, Thomas
G. DeLoughery. Splenectomy for immune
thrombocytopenic purpura: Surgery for the 21st
century // Am J Hematol, 2008; 83:93 — 96

Julia A, Araguas C, Rossello J, Bueno J, Domenech P,
Olona M, Guardia R, Petit J, Flores A. Lack of useful
clinical predictors of response to splenectomy in
patients with chronic idiopathic thrombocytopenic
purpura // Br J Haematol, 1990; 76(2):250-255
Katkhouda N, Manhas S, Umbach TW, Kaiser AM.
Laparoscopic splenectomy // J Laparoendosc Adv
Surg Tech A, 2001;11(6):383 — 390

K.Kojuri, S.Vasely, D.R. Terrell, J.N.George.
Splenectomy for adult patients with idiopathic
thrombocytopenic purpura:a systematic review to
asses long—term platelet count responses, prediction
of response, and surgical complications // Blood,
2004;104(9):2623 — 2634

16.

17.

18.

19.

20.

21.

22.

23.

ACTA CHIRURGICA LATVIENSIS » 2010 (10/2)

Kumar S., Diehn FE. Gertz MA. Tefferi A.
Spleneclomy for immune thrombocytopenic
purpura: long-term results and treatment of
postsplenectomy relapses // Ann Hematol 2002;
81:312-319

L. R. Khan, S. J. Nixon. Laparoscopic splenectomy
is a better treatment for adult ITP than steroids —
it should be used earlier in patient management.
Conclusions of a ten-year follow—up study //
Surgeon; 2007; 5(1):3 -8

Reyhan Diz-Kucukkaya, MD; Amy Geddis, MD,
PhD; Jose A. Lopez, MD. Part XII. Hemostasis &
Thrombosis, Chapter 119 Thrombocytopenia //
Marshall A. Lichtman, Thomas J. Kipps, Uri
Seligsohn, Kenneth Kaushansky, Josef T. Prchal.
Williams Hematology, 8e. The McGraw-Hill
Companies, Inc.; 2010. 8" DVD format.

Park A., Marcaccio M., Sternbach M., Witzke D.,
Fitzgerald P. Laparascopic vs open splenectomy //
Arch Surg, 1999; 134:1263 — 1269

Sampath S, Meneghetti AT, MacFarlane JK, Nguyen
NH, Benny WB, Panton ON. An 18-year review of
open and laparoscopic splenectomy for idiopathic
thrombocytopenic purpura // Am J Surg, 2007;
193(5):580 — 583

Stanton CJ. Laparoscopic spleneetomy for
idiopathic thrombotytopenic purpura (ITP): a five—
year experience // Surg Endosc, 1999; 13:1083 —
1086

Tsereteli Z, Smith CD, Branum GD, Galloway JR,
Amerson RJ, Chakaraborty H, Hunter JG. Are the
favorable outcomes of splenectomy predictable
inpatients with idiopathic thrombocytopenic
purpura (ITP)? // Surg Endosc, 2001; 15(12):
1386 — 1389

Wu JM, Lai IR, Yuan RH, Yu SC. Laparoscopic
splenectomy for idiopathic thrombocytopenic
purpura // Am J Surg, 2004; 187(6):720 - 723

Address:

Ieva Vidmane-Ozola

State Share Company Riga Eastern Clinical University
Hospital, Clinic ,Linezers”

6, Linezera Street, Riga

Latvia LV-1006

E-mail: ievid@yahoo.com

33



DOI: 10.2478/v10163-011-0007-z

ACTA CHIRURGICA LATVIENSIS » 2010 (10/2)
ORIGINAL ARTICLE

The Predictive Value of Thrombelastography and
Routine Coagulation Tests for Postoperative
Blood Loss in Open Heart Surgery

Agnese Ozolina*, Eva Strike***, Indulis Vanags**
*Pauls Stradins Clinical University Hospital, Department of Anesthesiology and Cardiothoracic Surgery, Riga, Latvia
**Riga Stradins University, Department of Anaesthesiology and Reanimatology, Riga, Latvia

Summary

Introduction. Hemorrhage after cardiopulmonary bypass remains a clinical problem.

Aim of the Study. Study was performed to compare efficacy of trombelastography (TEG) and routine coagulation tests in relation
for postoperative bleeding after cardiac surgery in CPB.

Materials and methods. Forty—seven adult cardiac surgical patients were enrolled in prospective study at Pauls Stradins Clinical
University Hospital in 2010. Blood samples for prothrombin time, international normalized ratio, activated partial thromboplastin
time (APTT), fibrinogen level, platelet count were collected before surgery, at admission in intensive care unit (ICU) and 6, 12 hours
after operation.

Before induction of general anesthesia blood sample was collected to perform kaolin activated TEG (KTEG) and at admission in ICU —
KTEG and heparinase— modified KTEG.

Results. Correlation postoperatively was between KTEG reaction time (R) and APTT, as well as heparinase—-modified KTEG maximum
amplitude (MA) and platelet count. Significant correlation with postoperative bleeding showed heparinase-modified KTEG MA on
admission to the ICU.

The highest predictive value preoperatively showed kTEG alpha angle (A), APTT, platelet count and postoperatively KTEG MA, APTT
on admission to ICU.

Conclusions. Associated with bleeding are following TEG variables: preoperatively KTEG A, postoperatively kTEG MA and heparinase—

modified KTEG MA. APTT and platelet count are also related to postoperative bleeding but to a lesser degree.

Key words: trombelastography, heart surgery, bleeding.

INTRODUCTION

Hemorrhage after cardiopulmonary bypass (CPB)
remains a clinical problem. Many risk factors associated
with excessive blood loss have been identified (19),
but postoperative bleeding remains poorly explained
because of the complexity of the hemostatic process
and the technical difficulties imposed by operative
procedures. It suggests a need for patient testing to
determinate hemostatic disorder after CPB and to be
able differentiate a surgical cause for abnormal bleeding.
Thrombelastography (TEG) has been described as a
usefull point-of-care monitor during cardiac surgery
(12). It measures in vitro viscoelastic properties of
the developing clot in whole blood with specific
patterns developing in the presence of clotting factor
deficiencies, platelet dysfunction/trombocytopenia,
hypofibrinogenemia and fibrinolysis (10). The overall
coagulation profile can be qualitatively or quantitatively
interpreted in terms of the hypo-, normal, or
hypercoagulable state of the sample and the degree
of lysis. Initiation of clot formation is defined as the
reaction time or r—time (R), kinetics of clot development
by angle alpha (A) and strenght of the clot by the
maximum amplitude (MA).

Various sample preparations can be used wih the TEG
analyzer. Native sample type for global evaluation of
coagulation takes aproximately 50 minutes to generate
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data. Activation (Celite, Tissue factor, Kaolin) of the
blood sample is essencial to maintain TEG as a point—
of-care test, deriving all of the main parameter in 30
minutes.

Heparinase modified thrombelastography will develope
despite anticoagulation with heparin during CPB
because heparinase neutralizes the anticoagulation
properties of heparin.

Routine coagulation tests as activated parcial
thromboplastin time (APTT), prothrombin time (PT),
international normalized ratio (INR), fibrinogen
concentration, platelet count provide no information
about the quality of the clot or the dynamics of its
formation and they are frequently inadequate for
the purpose of monitoring coagulation (10). This was
confirmed by several studies. Gravlee and coworkers (7)
using 897 cardiac surgical patients concluded that the
best multivariate model constructed could explain only
12% of the observed variation in postoperative blood
loss. Similar results were obtained by Gelb et al. (6).
They showed that PT, APTT, fibrinogen, factors V, VII,
VIII and IX and platelet count have no clinical utility as
predictors of clinical bleeding. Regarding to TEG Ereth
et al. (5) found that blood samples without the use of
activator showed that TEG MA parameter has been
more predictive after cardiac surgery then isolated tests
of platelet function and routine coagulation tests. The



kaolin—activated TEG (KTEG) is associated with early
coagulopathic bleeding (18) and kTEG parameters had
better correlation with bleeding as routine coagulation
tests.

The aspect of hemotranfusion management using
TEG shows that celite and tissue factor-activated
TEG parameters have been successfully used to
guide specifice blood product usage (14). As well as
heparinase-modified thrombelastography during CPB
has been used to reduced haemostatic factor transfusion
(16).

AIM OF THE STUDY

The aim of this study was to compare efficacy of
trombelastography and routine coagulation tests in
relation for postoperative bleeding after open heart
surgery in CPB.

MATERIALS AND METHODS

After obtaining ethics committee approval of the
Paul Stradins Clinical University Hospital and written
informed patient consent, 47 adult cardiac surgical
patients were enrolled in prospective study between 1
December 2009 and 30 March 2010. Inclusion criteria
were age 18 to 70 years, coronary artery bypass grafting
or/and valve replacement surgery in CPB, baseline
coagulation tests in normal values, anticoagulants or
antiplatelet agents were discontinued at least 5 days
before surgey. The last dose of low—-molekular-weight
heparin was administered the evening before surgery.
Our exclusion criteria were emergency and redo
operations, preoperatively hemostatic disorders or
chronic coagulopathy (PT <50%, INR > 2, platelet count
< 50 x 10°/1), renal or/and hepatic failure.

Blood samples testing for PT, INR, APTT, fibrinogen level
and platelet count were collected at day before surgery,
at admission in intensive care unit (ICU) and 6, 12 hours
after operation.

Before induction of general anaesthesia blood sample
from radial artery catheter was collected to performe
kaolin activated TEG (kTEG) and 1 houre after operation
we performed kTEG and heparinase modified kTEG.
The TEG was performed according to the manufacturers
instructions using heparinase moditfied and non
heparinase moditied samples. Heparinase—containing
cups had 2 IU of lypohilized heparinase-1 enzyme from
Flavobacterium heparinum, which is sufficient to reverse
6 U/ml of heparin in whole blood. Following TEG
parameters were recorded: reaction time — R (normal
range 4-8 minutes), the alpha angle — A (normal range
47°-78°), maximum amplitude — MA (normal range
55-73 mm).

Chest tube drainage (CTD) was recorded at 4 hour and
24 hour postoperatively as milliliters per kilogram.
Excessive bleeding was defined as more than 1ml/kg/h
in first 4 hours or more than 1000 ml in 24 hours.
Opoid-based anesthesia with fenthanil, midazolam,
propafol and cisatracurium was used in all patients.
Before the start of CPB heparin was administered in a
dose 300 to 400 U/kg initially and 5,000 to 10,000 U as
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indicated were given to achieve and maintain a target
activated coagulation time (ACT) above 480 seconds
before and during CPB. After separation from CPB,
protamine was administered in a ratio of 1 mg:100 U
of heparin, additional protamin was administered until
ACT had returned to baseline.

All statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS® 16.0). Logistic
regression was used to construct the receiver operating
characteristic (ROC) curves as there were 8 patients who
had a 4-hour CTD more then 1 ml/kg/h. ROC curves for
the outcome of excessive bleeding, were plotted for TEG
parameters and routine coagulation tests before and
after surgery. Secondary outcomes were the correlation
(as Pearson's correlation coefficient) of TEG parameters
and routine coagulation tests with CTD. As well as the
relationship of TEG parameters and routine coagulation
tests was analyzed. We evaluated correlation between
reaction time — R and APTT, angle alpha — A and
fibrinogen and maximum amplitude — MA and platelet
count.

Continuous variables were described as mean standart
deviation and categorical variables as persentages.

RESULTS

Forty seven adult cardiac surgical patients were
examined and 46 completed the study. One patient was
excluded after the decision to make off-pump surgery.
There were no in-hospital deaths but 3 patients had
following postoperative complications: one patient —
mediastinitis and two cardiac tamponade two and seven
days after operation.

There were 28 males and 18 females from the age of 51
to 80. The mean age of all patients was 67 + 7.2 years.
Coronary artery bypass grafting underwent 16 (34.8%),
valve replacement surgery 18 (39.1%) and combined
surgery 12 (26%) patients. CPB duration was from
50-252 min., aorta occlusion time 33-164 minutes and
reperfusion time 11-82 minutes. Cell saver system was
used in 76% cases. Patient demographics are presented
in Table 1.

Eight patients (17%) had excessive bleeding and 1 of
them had reexploration for major surgical bleeding.
Blood loss statistically differed between patients who
had excessive bleeding and who did not 4 hour after
operation (370 ml vs 155ml) and 24 hour after operation
(892ml vs 461 ml).

Preoperatively 44 patients were treated with one or
more antiplatelet agents or anticoagulants. Thirty-seven
patients received aspirin within 6 + 4 days before surgery,
clopidogrel — 12 patients (8 + 2 days), low molecular
weight heparine — 23 patients, the last injection was
given 12 hours before surgery. One patient was treated
with warfarin within 5 days before operation. There
was no statistically significant difference in blood loss
between patients with various antiplatelet agents and
anticoagulants.

Preoperatively KTEG parameters were within the normal
range excepting R time. Average R time was high 17 £
13 min. and it statistically differed between patients who
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received low molecular weight heparin preoperatively
(21 £15vs 12+ 8, p<0.003). There were no significant
differences in KTEG parameters before and after surgery.
Baseline routine coagulation tests were within normal
ranges, but postoperatively average platelet count was
low 149 + 48 x 10°/1 and APTT was high 42 + 7 seconds.
We found significant correlation postoperatively
between the kTEG R and APTT on arrival to the ICU
(r =0.3, p =0.03), heparinase-modified kTEG MA and
platelet count on arrival to the ICU (r = 0.4, p = 0.003)
and platelet count 12 hours postoperatively (r = 0.3,
p = 0.02). We did not detect any correlation between
any TEG variable and routine coagulation parameter
collected before operation.

The strongest correlation with postoperative bleeding
showed heparinase-modified KTEG MA on admission
to the ICU and bleeding from mediastinal and
thoracostomy chest tubes after the first 4 postoperative
hours (Fig.1) and after 24 postoperative hours (r =- 0.4,
p = 0.04). Additionally heparinase-modified kTEG MA
correlated with kTEG A (r = 0.3, p = 0.02) and kTEG
MA (r =- 0.3, p = 0.04). Others TEG parameters and
routine coagulation tests did not show correlation with
blood loss.

To describe predictors for bleeding, ROC curves were
done. Preoperatively (Fig.2) the highest predictive value
showed kTEG A (c-index 0.58) and APTT (c-index
0.68), platelet count (c—index 0.5) and postoperatively
(Fig.3) KTEG MA (c-index 0.64) and APTT on admission
to ICU (c—index 0.63).

DISCUSSION

The TEG has developed as a bedside monitor of the
coagulation process over the past 25 years. The device
was first popularized by Dr Kang and the group in
Pittsburg for monitoring during hepatic transplantation
(8).

Others have found TEG very useful for the monitoring
of the coagulation during cardiac surgery on CPB as its
own induces complex disturbances in the coagulation
and fibrinolytic systems (4,15). Many studies have tried
to find a predictive value of TEG for abnormal bleeding
after CPB. Spiess et al. (15) presented the first study
concerning TEG and blood loss after CPB. In a group
of 38 patients they found that TEG was a significantly
better predictor (87% accuracy) of postoperative
hemorrhage and need for reoperation than the ACT
(30%) or routine coagulation tests (51%). Essell and
coworkers (4) found an abnormal TEG representing
an increased risk for bleeding. Also Welsby et al (18)
found that kaolin—activated TEG is associated with early
coagulopathic bleeding in 32 patients. Cammerer et al.
(2) compared TEG and platelet function analysis (PFA)
for postoperative bleeding including 255 patients. They
found that TEG is a better predictor than PFA.

TEG failed to predict blood loss in other studies. Data
from the study by Wang et al. (17) of 101 patients
indicated no correlation between amount of CTD and
TEG variables. Nutall and coworkers (13) found no
correlation between TEG done after CPB and 24-hours
blood loss after CPB in 82 patients.
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Our results indicate that more closely associated with
bleeding are following TEG variables: preoperatively
kTEG A, postoperatively non-heparinse-modified kTEG
MA and heparinase-modified kTEG MA. Regarding to
routine coagulation tests APTT and platelet count are
also related to postoperative bleeding but to a lesser
degree than TEG variables.

Welsby and coworkers (18) found similar results. The
strongest correlation with postoperative blood loss
showed heparinize-modified and non-heparinse-
modified KTEG MA. Weaker correlation with bleeding
showed platelet count, fibrinogen level and PT. In
contrast to our data they did not find correlation with
blood loss and APTT.

The role of fibrinogen in hemostasis after CPB is not
well examined. There is overall consensus regarding to
the dominant role of platelets in hemostasis after CPB.
Welsby et al. (18) identified the value of fibrinogen level
in relation to bleeding. In our study it did not show
correlation with postoperative blood loss. Fibrinogen
did not corellate with TEG parameter angle alpha as
well. The explanation could be the fact that most of
patients received crioprecipitate transfusions after CPB.
We found angle alpha in TEG samples collected
preoperatively as the best predictor of blood loss.
Cammerer and coworkers (2) also found angle alpha as
the bests predictor for bleeding and in combination with
diphosphate—PFA test the predictive value is enhanced.
It confirms our finding of predictive role of KTEG angle
alpha and platelet count to the bleeding and role of
platelets in hemosthasis after CPB.

Narrani K. (12) described thatitis not possible to correlate
TEG parameters with conventional coagulation profile
as both techniques are different. The conventional
coagulation tests measures the various components of
the haemosthasis in isolation. TEG measures the various
components of haemosthasis as they interract with one
another in vivo. Althought many authors have tried to
correlate TEG variables with routine coagulation tests.
Welsby and coworkers (18) found significant correlation
for MA with platelet count, fibrinogen level and PT.
Regarding to our results there were correlation between
kTEG R and APTT preoperatively and heparinase—
modified kTEG MA with platelet count after operation.
The present data also challenge current aproaches
to interpreting and applying TEG results for
hemotransfusion theraphy. R time has previously
been used as a guide for factor replacement with
fresh frozen plasma (FFP) transfusions, A—angle alpha
for crioprecipitate and MA as a guide for platelet
transfusions (14,16). R—-time was not correlated with
bleeding and PT in our study, suggesting that mainly
role plays anticoagulation with heparin affecting R—
time after operations. Althought marked reductions in
plasma levels of coagulation proteins are seen during
cardiac surgery (6).



CONCLUSIONS

More accurately TEG variable is MA as it correlated with
postoperative bleeding and platelet count suggesting the
dominant role of platelets in hemostasis after CPB. It
could be used as a guide for platelet transfusions, but it
may be desirable to avoid platelet transfusion as a first—
line treatment (1). The MA could be used to identity
coagylopathic patients who may benefit from therapies
such as Desmopresin administration.

Regarding to routine coagulation tests APTT and platelet
count are also related to postoperative bleeding but to a
lesser degree.

Conflict of interest: None

REFERENCES

1.

Blajchman MA, Singal DP. The role of red blood cell
antigens, histocompatibility antigens, and blood
transfusions on renal allograft survival // Transfus
Med Rev, 1989; 3:171-179

Cammerer U, Dietrich W, Rampf T, Siegmund
LB, Josef AR. The predictive value of modified
computerized thrombelastography and platelet
function analysis for postoperative blood loss in
routine cardiac surgery // Anesth Analg, 2003;
96:51-7

Despotis GJ, Levine V, Filos KS. Evaluation of a new
point —of-care test that measures PAF-mediated
acceleration of coagulation in cardiac surgical
patients // Anesthesiology, 1996; 85:1311-23
Essell JH, Martin TJ, Salinas J, Thompson JL,
Smith VC. Comparision of thromboelastography
to bleeding time and standard coagulation tests
in patients after cardiopulmonary bypass // J
Cardiothorac Vasc Anesth, 1993; 7:410-5

Ereth MH, Nuttall AG, Klinworth TJ, MacVeigh
I, Santrach PJ, Orszulak TA, Harmsen WS, Oliver
WC Jr. Does the Platelet-Activated Clotting Test
(HemoSTATUS@) Predict Blood loss and Platelet
Dysfunction Associated with Cardiopulmonary
Bypass // Anesth Analg, 1997; 85:259-64

Gelb AB, Roth RI, Levin J, London MJ, Noall RA,
Hauck WW, Cloutier M, Verrier E, Mangano DT.
Changes in blood coagulation during and following
cardiopulmonary bypass:Lack of correlation with
clinical bleeding // Am J Clin Pathol, 1996; 106:87—
99

Gravlee GP, Arora S, Lavender SW, Mills SA,
Hudspeth AS, Cordell AR, James RL, Brockschmidt
JK, Stuart JJ. Predictive value of blood clotting
tests in cardiac surgical patient // Ann Thorac Surg,
1994; 58:216-21Kang YG, Martin DJ, Marquez
J, Lewis JH, Bontempo FA, Shaw BW Jr, Starzl
TE, Winter PM. Intraoperative changes in blood
coagulation and thrombelastographic monitoring
in liver transplantation // Anesth Analg, 1985;
64:888-96

10.

11.

12.

13.

14.

15.

16.

17.

ACTA CHIRURGICA LATVIENSIS » 2010 (10/2)

Kettner SC, Panzer OP, Kozek SA, Seibt FA,
Stoiser B, Kofler J, Locker GJ, Zimpfer M. Use
ot abciximab-modified thrombelastography in
patients undergoing cardiac surgery // Anesth
Analg, 1999; 89:580-4

Mallett SV, Cox DJ. Thromboelastography // Br J
Anaesth, 1992; 69:307-313

Mittermayr M, Velik—Salchner C, Stalzer B.
Detection of proatmine and heparin after
termination of cardiopulmonary bypass by
thrombelastometry (ROTEM®): results of a pilot
study // Anesthesia&Analgesia, 2009; 108(3):743—
750

Narani K.K. Thrombelastography in the
perioperative period // Indian J Anaesth, 2005;
49(2):89-95

Nutall GA, Oliver WC, Ereth MH, Santrach
PJ. Coagulation tests predict bleeding after
cardiopulmonary bypass // J Cardiothorac Vasc
Anesth, 1997; 11:815-23

Shore-Lesseron L, Manspeizer HE, DePerio
M.  Thromboelastography-guided  transfusion
algorithm reduces tranfusions in complex cardiac
surgery // 1999; 88:312-319

Spiess BD, Tuman KJ, McCarthy RJ, DeLaria GA,
Schillo R, Ivankovich AD. Thrombelastography
as an indicator of post—-cardiopulmonary bypass
coagulopathies // J Clin Monit, 1987; 3:25-30
Royston D, von Kier S. Reduced haemostatic
factor transfusion using heparinase-modified
thromboealastography during cardiopulmonary
bypass // 2001; 86:575-578

Wang JS, Lin CY, Hung WT. Thrombelastogram
fails to predict postoperative hemorrhage in cardiac
patients // Ann Thorac Surg, 1992; 53:435-9
Welsby 17, Jiao K, Ortel TL, Brudney CS, Roche AM,
Bennett—Guerrero E, Gan TJ. The Kaolin—activated
thrombelastograph predicts bleeding after cardiac
surgery // Journal of cardiothoracic and vascular
anesthesia, 2006; 20(4):531-535

19.Wolfe R, Bolsin S, Colson M, Stow P. Monitoring the

rate of reexploration for excessive bleeding after
cardiac surgery in adults // Quality and Safety in
Health Care, 2007; 16:192-196

Address:

Agnese Ozolina

Cardiac Surgery Centre,

Department of Anesthesiology and
Cardiothoracic Surgery

Pauls Stradins Clinical University Hospital
13 Pilsonu street,

Riga, Latvia, LV-1002
E-mail:agnese_krauze@yahoo.com

37



ACTA CHIRURGICA LATVIENSIS » 2010 (10/2)

Table 1. Patients demographics data

Patient data (n =46)

Gender male 28  female 18
(60.9%) (39.1%)
Age (yr) 67 +7.2
Body mass index (kg/m?) 29 + 6.4
Operation charasteristics
CABG (%) 16 (34.8%)
Valve replacement (%) 18 (39.1%)
Combined surgery (%) 12 (26%)
CPB duration (min) 106 = 32
Aorta occlusion time (min) 69 + 23
Reperfusion time (min) 3212
Cell saver (%) 35 (76%)
> lml/kg/h <1 ml/kg/h
Blood loss (ml) n= Sg n= 38g
4 h after surgery 370 £ 617 155 + 57"
24 h after surgery 892+ 179" 461 + 167"

Abbreviations: CABG — coronary artery bypass grafting,
CPB - cardiopulmonary bypass
“p<0,05

500

400 S o

4 hour CTD (ml)

heparinase-modified KTEG MA

Fig.1.Negativelinear correlation of the heparinase-
modified kTEG MA on admission to the ICU with
bleeding from the mediastinal and thoracostomy
tubes during the first 4 postoperative hours (r = -
0.5, p < 0.001)
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Fig. 2. ROC curves describing the relationship
between the KTEG A - angle alpha parameter
(c-index, 0.58) and APTT - activated parcial
thromboplastin time (c-index, 0.68) before
operation and excessive postoperative bleeding
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Fig. 3. ROC curves describing the relationship
between the KTEG MA - maximum amplitude
parameter (c-index, 0.64) and APTT - activated
parcial thromboplastin time (c-index, 0.63) on
arrival to the ICU and excessive postoperative
bleeding
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Summary

Introduction. Stroke is the second most common cause of death worldwide and one of the major causes of long—term disability.
Carotid artery stenosis is an independent risk factor for ischemic stroke and related forms of atherosclerotic vascular disease.

Aim of the Study was to examine plasma homocysteine (tHcy) levels in the stroke patient’s group with significant carotid artery
stenosis, to determine hyperhomocysteinemia correlation with degree of carotid artery stenosis.

Materials and methods. This study was prospective and all patients (n=102) included in the study were hospitalized in Pauls
Stradins Clinical University hospital in Clinic of Neurology with diagnosis of acute ischemic stroke. In the group of significant
carotidal stenosis we included 48 patients with various degree of stenosis ranging from 50% to total occlusion. Evaluations of
stenosis of extracranial carotid arteries were done by duplex ultrasonography method. The blood of these patients was tested for
homocysteine level by ELISA (IMMULITE 2000).

Results. Study did not demonstrated statistically significant difference between levels of tHcy in all groups. Mean homocysteine
level was not significantly higher in the symptomatic carotid stenosis patient’s group. Also there were no significant differences

between levels of homocysteine in patient group with different degree of stenosis.
Conclusions. We found no meaningful association between a high tHcy level and extent of carotid stenosis.

Key words: hyperhomocysteinemia, stroke, carotid stenosis.

INTRODUCTION

Stroke is the second most common cause of death
worldwide and one of the major causes of long term
disability, furthermore mortality from stroke in Latvia
compared to neighboring countries is one of the highest
in the region(16). One can divide stroke into further
subtypes to apply slightly different preventive strategies,
for example anticoagulation or surgical carotidal
endartectomy. Large artery atherosclerosis is one of the
most common causes of stroke and in particular group of
younger patientitisalsothe most frequentone (5).Raised
levels of homocystein have been previously described
as an independent risk factor of coronary artery disease
(3) and stroke (19) and there has been already reported
particular association between high homcysteine levels
and ischemic stroke due to large artery atherosclerosis
(4). Link between hyperhomocysteinemia and external
carotid artery has already been previously investigated.
Selhub J, et al have demonstrated association between
raised level of homocysteine and risk of extracranial
carotid artery stenosis in elderly (17), these findings
have later been confirmed by several other studies (10),
(18)in addition, link to severe stenosis also has been
demonstrated (14), but at the same time study from
Iran failed to demonstrate this association in their local
population (12). Interestingly, several studies have also
failed to demonstrate association of early re—stenosis
following carotid endartectomy and increased level of
homocysteine (2), (7).

AIM OF THE STUDY

The aim of our study was to examine plasma
homocysteine (tHcy) levels in the stroke patient’s group
with significant carotid artery stenosis, to determine
hyperhomocysteiemia correlation with degree of carotid
artery stenosis.

MATERIALS AND METHODS

This research was conducted as a prospective study,
and was approved by the hospital’s Ethics Commission.
All the research subjects (n=48) were acute ischemic
stroke patients admitted to the Pauls Stradins Clinical
University Hospital in time period from October, 2008
till May, 2009. Stroke was defined according to WHO
definition: as a focal (or at times global) neurological
impairment of sudden onset, and lasting more than 24
hours (or leading to death), and of presumed vascular
origin. Inclusion criteria for the study were first — ever
stroke or recurring cerebral infarction with carotid artery
stenosis of 50% or more; while patients with lacunar
strokes, past medical history significant for oncologic or
chronic inflammatory diseases, severe impairment of
renal function were excluded from the study. Patients in
this study were not stratified according to TOAST criteria
as a goal for study was to evaluate relationship between
degree of stenosis and homocysteine. All patients were
separated into two groups according to grade of their
stenosis — one group from 50 % to 69 % and those
with above 70%. Degree of stenosis was measured
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using flow velocity analysis with Philips 33i duplex
ultrasound system. For detection of level of tHcy we used
IMMULITE 2000 test system, what is chemiluminescent
immunoassay highly specitic for homocysteine. It is used
for quantitative detection of L — homocysteine. Testing
system consists of two cycles in first release of bound
tHcy and its conversion into S—Adenosyl-L-homocysteine
with following immunoassay using highly specific
antibody. In this study we considered result 15 pmol/l as
raised level. SPSS for Windows 16.0 was used for data
processing and analysis.

RESULTS

Mean level of homocysteine in the patients group
(n=48) was 16,73+6,8 mmol/l .

From 48 patients included in study 21 (gender: 14
male, 7 females; mean age: 64,3 + 11,8 years) had
stenosis above 70 % (critical) and 27 ( gender: 26 male,
22 females; mean age: 64,3 + 11,8 years) persons had
stenosis between 50 % — 69 % (significant).

Mean level of tHcy in patient group with carotid stenosis
above 70 % was 16.26 +5,4 mmol/l; in the group with
stenosis between 50 % — 69 % mean level was 17.14
+8,06 mmol/l (p=0.18).

Hyperhomocysteinemia was detected in 11 patients
out of 21 in group with critical stenosis; as well as in
15 patients out of 27 in other group with significant
stenosis from 50 % — 69 %, (p=0.83).

DISCUSSION

In this study we did not demonstrated any statistically
significant difference in level of tHcy in blood between
stroke patients with critical (above 70%) and significant
(50 % — 69 %) carotidal stenosis. Apart from size
of this study there is some other weakness of our
study — for example we did not recorded nutritional
status of included patients (for example vitamin B12
or B6 supplementation) and also we lacked proper
control group matched by age and gender without
cerebrovascular disease. Lack of statistically significant
difference between groups also could be explained with
the fact that homocysteine plays a role in atherosclerosis
and stroke but not directly in determination of extent
of stenosis. Link between raised level of homocysteine
and other marker of atherosclerosis and vascular risk
factor — Carotidal Intimal Media Tickness (C-IMT)
is also controversial still, there are studies that have
demonstrated link between raised level of tHcy and C
— IMT (11), (8), but interestingly, some studies have
demonstrated weaker link with C — IMT (6) or even
absence of it(13),(9). Trials of lowering tHcy levels also
have failed to show benefit in reduction of vascular
events despite lowering homocysteine levels (1), in
addition trial that was looking at post stroke patients and
effect of lowering homocysteine failed to demonstrate
improvement of C — IMT (15). Those controversies
might not go against a role of homocysteine in stroke
but actually just show that stroke and atherosclerosis is
multi factorial illness and later might be a longstanding
progradient process with more than one risk and causal
factor.
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CONCLUSIONS

In our study we did not demonstrate statistically
significant difference in levels of blood homocysteine
between patient group with critical carotid stenosis
(above 70 %) and significant (50 % — 69 %). It
demonstrates that there is need for further trials in this
field to continue to search for amendable risk factor in
development of critical carotidal stenosis.
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Summary

Introduction. Fetal growth restriction (FGR) is associated with prematurity and a number of complications, as well as long-term
impact on metabolic or cardiac function in adults.

Aim of the Study. To study the prognostic value of staging maternal and fetal Doppler blood flow velocities in women with FGR; and
evaluate prenatal characteristics as possible risk factors for severe vascular abnormalities.

Materials and methods. 70 singleton pregnancies complicated by FGR were included in prospective follow—up study. Blood flow
velocities in the uterine (UtA), umbilical (AU), middle cerebral (ACM) arteries and ductus venosus (DV) were measured. FGR
neonates grouped as follows: ) normal blood velocity waveforms; [l) abnormal UtA velocimetry and/or presence of early diastolic
“notch”; 11l) abnormal AU without signs of “brain sparing”; 1V) abnormal AU and ACM pulsatility index (PI) and V) AU absent or
reversed end diastolic flow and an abnormal DV. Prenatal risk factors and perinatal outcome were assessed in relation to these
Doppler blood flow patterns and compared with Fisher exact and Pearson c2 test.

Results. There was a strong correlation between the severity of grouping and birth weight (p<0.001), gestational age at delivery
(p<0.001), low amniotic fluid index (p<0.001), low Apgar scores (p=0.01) and neonatal transfer rate to NICU or hospital (p=0.02).
Groups IV and V fetuses had the highest perinatal mortality (p=0.01). Women having genital infections (RTI) had significantly worse
Doppler flow profile than non-smoking women at term without RTI (p=0.02).

Conclusions. Severity of blood flow redistribution correlates with fetal morbidity and mortality. Less severe vascular changes, such
as abnormal AU flow without centralization, and even increased uterine artery Pl alone are linked to reduced birth weight, higher
likelihood of preterm birth and increased risk of morbidity. Genital infections contribute significantly to hemodynamic changes
related to the FGR. Screening and preventing of STI as well as optimizing the time of delivery may improve the overall outcome of

compromised fetuses.

Key words: intrauterine growth restriction, hemodynamic, outcome, infections.

INTRODUCTION

Fetal growth restriction (FGR) is defined as the
inability of a fetus to maintain expected growth, with
estimated fetal weight or actual birth weight below the
10th percentile for gestational age (1). Fetal growth
restriction is associated with prematurity and a number
of complications, such poor neural development and
risk of epilepsy in childhood and long-term impact
on metabolic or cardiac function in adults (10, 12. 16,
34, 37). The FGR remains the challenge for clinicians,
therefore, the different kind of fetal well-being
assessment methods incorporated in obstetrics. Doppler
ultrasonography has been proposed for identifying
pathological growth and predicting fetal compromise
(27, 44). The link between abnormal patterns of
Doppler velocities of maternal and fetal vessels and
fetal outcome was reported in a number of studies (3,
4, 8, 11, 43). Researchers tried hard to understand the
etiopathogenesis and the underlying mechanisms of
fetal impairment occurring between the diagnosis and
the moment of delivery or death (26).
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Although in the literature, we could find some scarce
data evaluating the effect of smoking on the umbilical
blood flow indices (22) or the hemodynamic changes
following steroids administration (32, 36), the influence
of maternal characteristics, such as genital infections
and smoking on blood flow pattern among FGR fetuses
were not sufficiently evaluated.

AIM OF THE STUDY

To assess changes in maternal and fetal flow velocity
in pregnancies complicated by intrauterine fetal
growth restriction, and their correlation with perinatal
outcomes on the one hand, and possible interactions of
antenatal risk factors on the other.

MATERIALS AND METHODS

We conducted a prospective study from May 2007
to March 2010. Seventy consecutive women with
intrauterine growth restriction of singleton fetuses,
attending the ultrasound unit at Riga Maternity Hospital
in Latvia, were included in the study. Growth restriction



was defined as an estimated weight below the 10™
percentile by prenatal ultrasound. Exclusion criteria
were rhesus immunization, chromosomal aberrations
and morphological malformations. In an estimate to
create different levels of prognostic severity, intrauterine
growth restricted newborns were divided in 5 groups
according to their pattern of flow. Group I consisted of
fetuses with normal blood velocity waveforms; Group
IT of fetuses with an abnormal velocimetry of the arteria
uterine (UtA) and/or presence of early diastolic “notch”;
Group III of fetuses with an abnormal arteria umbilicalis
(AU) pulsatility index (PI); group IV of fetuses with
abnormal AU and low arteria cerebri media (ACM) PI and,
finally, group V, fetuses with AU absent or reversed end
diastolic (ARED) flow and/or an abnormal ductus venosus
(DV) flow. Oligohydramnios was considered in presence
of amniotic fluid index less than 5 cm (24.

The Ethics Committee of Riga Stradins University
approved the study and informed consent was obtained
from all patients.

Doppler studies. The patients were examined using a 2-5,
2-7 or 4-8 MHz abdominal transducer (Philips, AU 22,
USA) with color Doppler and pulsed Doppler facilities.
The high—pass filter was set as low as possible, at 70 Hz.
The mechanical and thermal indices were always kept
below 1.9 and 1.5.

At each session we measured blood flow velocity
in UtA, AU, MCA and DV. We applied standardized
techniques (14, 19, 25). Briefly, the UtA was identified
at the apparent crossing of the uterine and external iliac
arteries. Measurements were taken approximately 1 cm
distal to the crossover point. Abnormal UtA velocimetry
was considered as a mean (left and right) PI value
above the 95™ percentile for gestational age (GA) based
reference ranges (14) and/or presence of early diastolic
“notch”.

The umbilical artery recordings performed at the
free—floating loop of the umbilical cord. Abnormal AU
velocimetry was defined as PI above the 95" for GA
based reference ranges (2).

ACM was assessed in axial section of brain with the
sample volume over the proximal section where ACM
emerges from circle Willis. Abnormal ACM velocimetry
was defined as PI below the 2.5" for GA based reference
ranges (9).

The ductus venosus was identified in mid-sagittal
transaction as a vessel connecting the umbilical vein
with inferior vena cava and exhibiting the typical
aliasing of high velocities compared with the umbilical
vein. Abnormal DV was defined as PI above the 95" for
GA based reference ranges and/or ARED (17).

All recordings have been obtained in the absence of fetal
breathing and fetal movement. The angle of insonation
always was kept lower than 30°. Women were placed in
a semi-recumbent position.

When more than one Doppler study was performed in
the same fetus, the last Doppler study preceding delivery
was used for analysis.

Delivery. The decision on the best mode of delivery was
based on the gestation, fetal condition and cervical
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status as determined by the managing obstetrician.
Information regarding birth weight, gestational age at
delivery, mode of delivery, and length of hospital stay
was obtained from standardized medical records.
Neonates. 5—minute Apgar score below 7, neonatal
health, admission to neonatal intensive care unit,
transfer to pediatric hospital for further treatment, and
neonatal death were assessed.

Statistical analysis. Data were analyzed with SPSS
statistical software version 18. Parametric statistics
are presented as mean and standard deviation. The
differences in the proportion of adverse outcomes in
each Doppler groups was compared by the Fisher’s exact
test, Pearson c? test, chi-square for trend or for multiple
non-Gaussian samples Krsukal Wallis, p value of <0.05
was considered statistically significant.

RESULTS

Demographic and clinical characteristics of the study
population were described elsewhere (40-41). Doppler
waveforms were recorded within seven days of delivery
(ranges 2h -7 days). The outcome variables were
compared with the results of the Doppler examinations.
The mean gestational age at delivery was higher in
Group I (38.2+ 3.3) compared with other groups (37.2+
4.2; 36.2+ 2.6; 36.4+ 3.6 and 31.1+ 3.1, respectively, c?
=60.33; p < 0.001).

The Pearson correlation test showed an overall
significant decrease in birth weights among the groups
(p< 0.001). The mean birth weight in the first group was
2530+ 473 g compared to the 1229 403 g in Group V
(Table N 1). Placental resistance and low ACM PI (Group
IV) was associated with reduced birthweight.

Adverse perinatal outcome was lowest when Doppler
study profile was normal and highest when Doppler
examination on both maternal and fetal side was
abnormal (Table N 1). Neonatal morbidity was 67 %
for Group III neonates. This was largely attributable to
prematurity (nine cases) and RDS (nine cases) see Table
N I.

Oligohydramnios was associated with increasing
severity of Doppler vascular changes (Normal ®Abnl
UtA®Abnl AU ® Abnl AU and ACM ®and AU ARED
and Abnl DV, p<0.001). Unexpectedly, delivery by
cesarean section, pre—eclampsia and the incidence of
placental abruption were all observed more often in
the group with increased umbilical artery PI without
“brain—sparing” than in other groups (e.g. in Group III)
(p=0.007; p=0.25; p=0.62, respectively). In all cases
of placental abruption the presence of a “notch” was
demonstrated in the UtA Doppler flow patterns.

Absent or reverse diastolic flow of AU, abnormal ACM
and DV PI showed a direct correlation with 5-minute
Apgar scores below 7, transfer to NICU, transfer to
pediatric hospital for further treatment and intranatal
mortality (p=0.01; p=0.01; p=0.02; p=0.03, respectively,
Table N 1).

Perinatal mortality occurred only in Group IV (2/12,
16.7%) and in Group V (2/8, 25%). Three of four
deaths occurred during delivery, one due to placental
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abruption, and three due to severe pre—eclampsia. Three
of eight fetuses of group V were born prematurely, had
respiratory distress syndrome and developed severe
intraventricular hemorrhage Grade III or IV. The mean
length of stay of FGR infants in the NICU was 6 (+ 1.6)
days, statistically different amongst groups (p=0.016).
Thirteen women from FGR group were smokers and in
10 women reproductive tract infections (C. trachomatis
n=4; BV n=6) were confirmed during pregnancy.
Women with genital infections (p=0.02) had four times
more frequent Doppler flow abnormalities compared
to women without any other preventable risk factor
(genital infections, smoking), p=0.018 (Table N 1I).
Smoking women with FGR have no different Doppler
profile compared with normal women (p=0.09).

DISCUSSION

In the human fetuses, placental and fetal compromise
are often associated with augmented PI of the umbilical
artery (39), and redistribution of the blood flow within
the fetal body in order to benefit the cerebral circulation
(18, 20, 30). Different staging systems were proposed
in order to allow timely delivery of fetuses (13, 28). In
the present study, we report on the relation between
ultrasonographic and clinical parameters of these
high-risk pregnancies. Unlike in the study of Mari et
al. (27) we also included the maternal uterine artery
flow studies in our analysis and found not only that
advancing hemodynamic changes are associated with
increased perinatal mortality but also that abnormal
UtA flow in itself was associated with adverse neonatal
outcome in surviving babies (low 5-minute Apgar,
increased neonatal morbidity, as evidenced by increased
transfer to NICU and pediatric hospitals). Therefore, we
support Gosh et al’s (13) suggestion that the uterine
artery flow studies should be included in the routine
Doppler evaluation of women presenting with impaired
fetal growth.

Furthermore, before delivery, the presence of a
“notch” was demonstrated in the UtA flow on Doppler
examinations in all five cases of placental abruption.
As these events all occurred while the patients were
hospitalized, four of the five neonates managed to
survive.

In this study we hypothesized that fetal prognosis can be
assessed by classitying Doppler abnormalities according
to the severity in five different groups: from normal flow
(Group I), to maternal flow abnormalities only (Group
1), fetal uncomplicated flow abnormalities (Group III),
abnormalities with brain “sparing effects” (Group IV)
and finally to the flow indicating decompensation of the
fetal circulation (Group V). We could clearly demonstrate
a prognostic link between these groups and both fetal
mortality and neonatal morbidity. Furthermore, we
demonstrated that the most severe hemodynamic
changes (Groups III-V) in FGR fetuses are achieved
early in gestation, i.e. at the end of second or early in
the third trimester. Inevitably, fetuses from Groups III-V
were delivered earlier than fetuses of Groups II or I
Other studies have shown that placental compromise
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is indeed more pronounced if circulatory deprivation
occurs before 32 weeks of gestation, and that late—onset
cases have minimal placental involvement and more
subtle Doppler findings (5, 23).

Unexpectedly, FGR women of II Group (abnormal
AU without centralization) most often were delivered
by cesarean section, which was even a higher rate
than the compromised fetuses of Groups IV and V.
We presume this might be due to the lack of specific
clinical guidelines for the FGR management in Latvia.
The prognosis for fetuses in Group III was actually good,
with no perinatal deaths in this group. As these babies
could have benefitted from delayed delivery as long as
the elevated umbilical artery PI is not associated with
signs of blood flow redistribution, such as in Groups IV
and V, we would recommend conservative management
for those fetuses, albeit under close supervision.

In a previous study, our group reported that smoking
in association with fetal growth restriction showed
more often intervillous hematomas and villous
infarction in the placenta (42). In the present study,
however, the pattern of Doppler velocities was similar
between smoking and non-smoking women with
FGR pregnancies. These findings seem to confirm the
hypothesis that placental underperfusion in smokers
might be periodic rather than continuous (31).
Compared to non-smoking controls delivering at term,
we found more genital infections associated with more
severe flow abnormalities. Therefore, besides to the
known increased risk of preterm birth (15, 29, 33),
genital infections like BV are not only linked to the
increased likelihood of FGR (41), but also constitute
an increased risk for placental abruption as shown by
impaired Doppler pattern in the uterine arteries. In
former studies we have demonstrated that also aerobic
genital infections in the beginning of pregnancy were
associated with an increased risk for chorioamnionitis,
but also funisitis and fetal infection (35). The pathway of
intrauterine ascending infections from abnormal vaginal
flora, leadingtoincreased intraamnioticproinflammatory
cytokines, periventricular leucomalacia and cerebral
palsy, was clearly documented by Yoon and coworkers
(45). Infants born after the diagnosis of absent or
reversed end-diastolic flow in umbilical artery (Group
V) are particularly at risk of central nervous system
complications and need more frequent parenteral
feeding (21). Several abnormal flora types are involved
in the causation of such pregnancy complications (7),
and therefore, early screening and timely treatment
with adequate antibiotics, like clindamycin, might
lead to improved pregnancy outcomes (6, 38).
However, specific associations between the presence
of genital infections and FGR have been documented
only sporadically, perhaps because the emphasis of
the previous studies was mostly on the prevention of
preterm birth and not FGR. We hope our new data
inspire researchers to perform more studies on the link
between genital infections and FGR, and try to provide
evidence that can help to install preventive actions to
dampen the severe damage of these small babies by
early screening and treatment.



CONCLUSIONS

Severity of blood flow redistribution correlates with fetal
morbidity and mortality. Less severe vascular changes,
such as abnormal AU flow without centralization and
even increased uterine artery PI alone are linked with
reduced birth weight, higher likelihood of preterm
birth and increased risk of morbidity. Genital infections
contribute significantly to hemodynamic changes
in FGR. Screening and preventing of RTI, as well as
optimizing the time of delivery may improve the overall
outcome of compromised fetuses.
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Table 1. Characteristics of FGR groups according to Doppler profile, data are given as numbers and SD,
percentage in parenthesis

hospital

Group I Group II GrouplIII GrouplV GroupV P value
(n=18) (n=14) (n=18) (n=12) (n=8)
= Preventable risk factors
NI* (n) 12 3 7 4 0 Ref
Smoking (n) 3 1 2 2 3 0.09
STI (n) 1 4 1 2 2 0.018
= Acute pregnancy complications
Preeclampsia 1(6) 1(7) 4 (22) 0 1(13) 0.25
Placenta abruption 0 (0) 1(7) 3(16.6) 1(8) 0 0.62
C—section 6 (33) 9 (64) 17(94) 7(58) 6 (75) 0.007
= Perinatal outcome

Birth weight 2530+473 22701364 19454111 1746+516 1229+403 0.001
Gestational weeks 38.2+3.3 37.2+4.2 36.2+2.6 36.4+3.6 31.143.1 0.001
Amniotic fluid index <5 2(6) 2(14) 4(22) 3(25) 3(38%) 0.001
Perinatal mortality 0 (0) 0 (0) 0 (0) 2 (16) 2 (25) 0.01
5-min Apgar score<7 0 (0) 1(7) 1(6) 2(17) 5 (63) 0.01
Neonatal morbidity 1(6) 4 (29) 12 (67) 3 (10) 6 (100) 0.0004
Transfer to NICU 0 (0) 1(7) 5 (28) 1(10) 5 (83) 0.01
Transfer to pediatric 1(6) 4 (29) 8 (44) 4 (40) 6 (100) 0.02

*non smoking, no genital infection

w: P value versus reference group of women without preventable risk factors only (non smoking, no STI)
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